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klBSITIMCIT 
The role of the civil engineering estimator within the contractor's organisation has been 
well documented. Whilst this role and the estimators' tasks within the estimating and 
tendering process are well understood, little attention has been paid to estimators' 
expertise, how they make decisions at various stages within the tender period, the 
education and training needed to become an estimator and the psychological make-up of 
those whose work is fundamental to the survival and growth of the civil engineering 
contractor. Computer aided estimating systems have, for the last decade, been available 
to assist the work of the estimator. However, there remains debate concerning their 
contribution to the tasks of civil engineering estimators. 
Agamst this background, this research has: 
examined the decision making processes of professional estimators when 
undertaking the tasks within the estimating and tendering process with particular 
reference to identifying how contractors' estimators arrive at the key decisions 
relating to the task of performing a project study evaluation. 
investigated the current use of computer aided estimating (CAE) systems within 
civil engineering companies and ascertained how effectively CAE systems meet 
estimators' requirements. 
assessed the inforrnation that can assist in understanding the nature of the 
estimator's job, and the human factors in estimating. 
examined the potential of expert systems in assisting construction estimators 
to produce accurate and reliable estimates for construction projects. 
The research incorporated: a detailed survey of the member companies of the Federation 
of Civil Engineering Contractors; semi-structured interviews of practising estimators; a 
study of career attributes by questionnaire and self assessment exercise; an empirical 
study of decision making based upon the technique of protocol analysis; and the 
development of a prototype expert system to assist estimators in the task of selecting 
subcontractors. 
1 
The analysis of the estimators' decision making processes showed that 'expert, 
estimators operate within a hierarchy of goals and utilize mental checklists and templates 
to make decisions. Novice estimators repetitively collate information and then summarise 
on a general basis. 
Protocol analysis was demonstrated to be a suitable technique for studying the decision 
making processes of estimators. The technique was also found to make a significant 
contribution to the process of knowledge elicitation for expert system production. 
The study of estimators' past careers and experience established typical career profiles for 
the civil engineering estimator. These show both the formal education received and the 
practical experience gained before becoming an estimator. The attributes required by 
construction personnel wishing to take up a career in estimating were identified and a 
composite personality profile of the civil engineering estimator produced. 
The survey confirmed the importance of estimators' experience and expertise within the 
estimating and tendering process and showed that some 56% of the survey respondents 
currently used some form of computer aided estimating. The reasons for user 
dissatisfaction with current computer aided estimating systems were also identified. 
A prototype expert system developed to vet prospective subcontractors for construction 
work. This was shown to provide considerable assistance to estimators. 
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CEAIPTEM a 
GIEMI&IRkIL INUIR(ODUCUION 
1.0 BACKGROUND TO THE RESEARCH 
Clients of the eom-truction-inAuttry in the public sector with a need for public 
accountability rely almost exclusively on competitive tendering to justify the awarding of 
contracts. Private sector clients have tended to follow suit. Thus most contt-actien 
contracts are awarded after several contractors have prepared estimates and submitted 
tenders. The estimating department is therefore of central importance to the growth and 
prosperity of the company. The American Society of Civil Engineers, Committee on 
Estimating and Cost Control (1966) has stated, that " Estimating is the lifeblood of 
constrwtion. An appreciation of this integral importance is the greatest step towards 
overall construction profitability". x 
t/-, ý ý- 
Business failure in the =&u: uetjm industry is particularly prevalent due to the unique 
characteristics of the industry, its sensitivity to the economic cycles, and the high 
competitive nature. Research by KgAgari (1988), has identified the most common 
causes of business failure in construction as bad profits and inadequate sales. Both of 
these may be ascribed at least partly to the estimating and tendering process. Therefore, 
accurate estimating is one of the keys to avoiding failure. Abu7Bakar (1985) concluded 
that to avoid such failure, contractors have no option but to employ the most competent 
estimators. 
A 
In order to produce a tender for aziv-A-e-ýýýýt an estimator needs to collate, 
assess, amend and manipulate a considerable number of data items quickly and 
accurately. This is a suitable application for the use of information technology and 
particularly for a computer aided estimating, CAE, system, Thýs xege'arph has -- shown 
that civil engineering estimators have been unable to benefit totally from the advent of 
CAE (see Chapter 4)ýResearch inw-flie-use of CAEýwilhin the VK civil engineering 
industry (Baldyyin-. 1 82), has showed that, at the startý of the last decade, the use made 
by computers was very limited. Even with the advent of cheaper computing power and 
the increase of commercially available software, ciyiLengineering estimators have been 
slow to adopt CAE (Barton 1987b). Surveys- have indicated that at present some 60% 
'0- 
of buil . -g and civil enginpering companies use some form of computer aided 
est=ting system (KPMG/61CA 1990). All these systems provide facilities for storing 
data, performing calculations and producing detailed reports. Their acceptance by 
estimators is far from universal. Whilst estimators recognise the ability of systems to 
1 
undertake routine calculations quickly and accurately, a repent survey (Oteifa et al. 
1990) showed that existing systems have failed to fully meet the needs of eý 
mgýXin-g estimators. The systems neither handle uncertainty, work satisfactorily 
wiýh incomplete data, nor allow the estimator to fully exercise his expertise. 
Since 1978, the Construction Management Group at Loughborough University of 
Technology, has been engaged in research on computer applications in the area of 
estimating and tendering. The process of estimating and tendering has been examined, 
and ýeveral computer aided estimating systems for both civil engineering and building 
contractors have been developed. During the course of this research at Loughborough, 
it became evident that estimators naturally make 'expert judgements' or develop 
'hunches' regarding various aspects of their work. 
These 'hunches' appeared to be based on a series of individual 'rules' derived from an 
understanding-of the logic behind the use of estimators' tactics, the observed modus 
"1 . 11 operandi of various-"'e'stimators' tasks, and the outcome of similar episodes in the past. (' ry . _-, PI, Thus the domain of estimating and tendering for civil-&ngineering works appeared to 
be experienced-based, where professional expertise plays a key role in the production 
of cost estimates. Ashworth (1988) pointed out that research that has failed to consider 
the estimator's knowledge and expertise in the past, has not been very successful in 
advancing or changing the process of estimating in practice. 
Research by Skitmore (1095), Skitmore et al. (1990), Morrison et al. (1981) and 
Ashley (1988), has reviewed the influence of professional expertise in construction 
price forecasting at the cost planning stage of the project cycle. 
CSkitmore's 
results 
indicated that a relationship existed between expertise and estimating performance. 
However, these results were based solely upon research into the work of quantity 
surveyors in budget. price estimating for specific types of building Construction. The 
results of this previous research were not directly applicable to civil engineering 
estimators. The estimates producqd, -by civil engineering estimators are based upon 
relatively ýcomplete sets of plans and specifications. Therefore the information and 
expertiý(e needed by such estimators is different from that of quantity surveyors. 
Ashworth (1988) in his concluding remarks stressed that a study of what the estimator 
does and how he does it effectively is necessary to provide some insight into his or her 
mind. Research into highly competent expert performance has been pioneered by 
Newell and Simon (1972). In their recent work, Chi et al. (1988) recognised that 
research into expertise needs to go beyond the examination of the basic processing 
2 
capabilities that humans employ which have resulted from early research in the field of 
artificial intelligence and expert systems. They stressed the need of extensive empirical 
study of expert behaviour that can provide a setting for basic research on how ill- 
structured problems are, and can be, solved. 
The final conclusion of a report on decision makin and problem solving, prepared for 
1ý '9 the Office of Science and Technology of the U. S. National Science Foundation is 
worth noting as it demonstrates the importance of this topic. The panel concluded that 
" Gaining a better understanding of how problems can be solved and decisions made is 
essential to our national goal of increasing productivity. The first industrial revolution 
showed us how to do most of the world's heavy work with the energy of machines 
instead of human muscle. The new industrial revolution is showing us how much of 
the work of human thinking can be done by and in cooperation with intelligent 
machines. Human minds with computers to aid them are our principal productive 
resource. Understanding how that resource operates is the main road open to us for 
becoming a more productive society and a society able to deal with the many complex 
problems in the world today. " (Simon et al. 1987). 
No detailed research relating to diril engineeriDg estimating expertise has been found. 
Similarly very little study has been undertaken into the inextricably linked human 
aspects of estimating. This has been a major barrier for the development of CAE 
systems, and will best enhance our understanding of the nature of individuals who 
work as an estimators. 
The development of expert systems appear to offer the contractor's estimator computer 
based systems that overcome the deficiencies of existing commercially available 
systems. The high level of expertise involved in the production of cost estimates by the 
contractor's estimator make the use of knowledge based systems within the estimating 
process appear attractive. This view is su-pported by the initial research in this area 
which has shown that estimating may be the most cost effective employment of expert 
systems in construction management (Warszawski 1985). Whilst in the area of client 
cost estimating the work by the Expert System Group of the RICS/Alvey research 
project, shows great potential for such systems in the approximate estimating of project 
costs at the design stage (Brandon et al. 1988), work still remains to be undertaken in 
the development of expert systems that address the critical tasks within the estimating 
and tendering process of the contractor's estimator. 
3 
1.1 THE OBJECTIVES OF THE RESEARCH 
It was against the foregoing background that the objectives of the research programme 
described in this thesis have been set. This research concentrates on construction 
professionals who are practising a career in estimating, a key management function 
within construction companies. In order to ensure a better understanding of the nature 
of the estimator's job and the application of new technology to meet his needs, the 
research objectives were formulated as follows: 
(a) To examine the decision making processes of professional estimators when 
undertaking the tasks within the estimating and tendering process with particular 
reference to identifying how contractors' estimators arrive at the key decisions 
relating to the task of performing a project study evaluation. 
To investigate the current use of computer aided estimating systems (CAE) 
within civil engineering companies and to ascertain how effectively CAE 
systems meet estimators' requirements. 
(c) To assess the information that can assist in understanding the nature of 
the estimatoes job, the human factors in estimating and help in the 
development of selection criteria and career development programmes 
for estimators. 
(d) To examine the potential of expert systems in assisting construction estimators 
worldng within contractors' organisations to produce accurate and reliable 
estimates for construction projects. 
1.2 THE RESEARCH METHODOLOGY 
To meet this objectives a research programme comprising of six phases was 
undertaken. Table 1.1 presents a broad classification of the research tasks. 
4 
Table 1.1. List of Actions. 
Phase Work Undertaken Aim 
Phase I Literature reviews were conducted. - To establish a firm basis 
Six academic and industry views for research. 
were consulted. - To identify the steps 
needed to a successful 
research programme. 
Phase 11 Estimator's tasks and CAE - To establish the current 
systems: A survey of 350 FCEC use of CAE systems. 
Member Companies. - To assess their impact 
A questionnaire-type survey. on the tasks of the civil 
engineering estimator. 
Phase 1111 Semi-structured interviews with - To build upon the data 
respondents to the survey and already assembled by 
practising estimators. the questionnaire. 
8 companies were visited; 16 
people were interviewed. 
Phase IV A study of career development To develop information 
attributes required, knowledge that can assist in selecti- 
levels and skill requirements of on and training of 
civil engineering estimators. estimators. 
Questionnaire and estimators' 
self assessment exercise by 
25 practising estimators. 
Phase V Decision Making Experiment. To develop a model that 
Protocol analysis of thinking identifies estimators' sp- 
aloud protocols carried out by ecific decision making 
five estimators. processes and strategies. 
Phase VI Development of a prototype ES To examine the potential 
to assist estimators in vetting of ESs in assisting 
subcontractors (ESVS). estimators in their tasks. 
* ES : Expert System. 
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1.3 MAIN ACHIEVEMENTS 
The research set out to examine the nature of the civil engineering estimator's job and 
hence facilitate the development of new computer systems and improve estimating 
performance. The main achievements and findings of the research can be summarised 
as follows: 
1. The suitability of the protocol analysis technique for the study of the decision 
making processes and expertise of civil engineering estimators has been 
demonstrated. 
2. Expert estimators were shown to operate within a hierarchy of goals and utilize 
mental checklists to facilitate their information search. This checklist driven 
strategy was followed by formulating an initial theme, which then acts as the 
main guiding force driving the search. The estimators' strategy becomes based 
on attempting to develop further this theme. In addition, expert estimators rely 
on templates, memory structures that accumulate a major part of an estimat&s 
experience, to make decisions. These construction templates are retrievable 
wherever the expert recognises cues signaling their relevance. 
3. Differences exist between the decision making processes of novice and 
expert estimators. Novice estimators repetitively collate information and then 
summarise on a general basis. Experts on the other hand frequently follow up 
on specific observations, regularly summarise the results and formulate 
hypotheses. Such reasoning phases further direct the decision making 
process. 
4. Protocol analysis contributes to the knowledge elicitation process for the 
development of expert systems by identifying knowledge that has been used to 
complete the task. 
5. The survey of Federation of Civil Engineering Contractors member companies 
confirmed the importance of estimators' experience and expertise within the 
estimating and tendering process. The survey also confirmed the current level of 
use of computer aided estimating systems and highlighted reasons of user 
dissatisfaction with current computer aided estimating systems. 
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The study of estimators' past careers and experience established typical career 
profiles for the civil engineering estimator. Die attributes required by 
construction personnel wishing to take up a career in estimating were identified 
and, based on these attributes, a composite personality profile of the civil 
engineering estimator was produced. 
7. A successful prototype expert system for vetting subcontractors was developed. 
This system confirmed that there exists an opportunity for estimators to 
augment their expertise with enhanced computer based tools. 
1.4 GUIDE TO THE THESIS 
This thesis is divided into eight chapters. The layout of these chapters in the thesis is 
illustrated in Figure 1.1. A brief description of each chapter is included here to 
summarise the thesis. 
Chapter 1. This chapter presents a general background to the research. It contains 
information on the need for carrying out research in this subject area; research aims and 
objectives; and the steps followed to realise such objectives. An outline of the main 
achievements from this research are also provided. 
Chapter 2. This chapter contains a review to the subject area of estimating and 
tendering for civil engineering works. A detailed examination of estimator's tasks and 
the flow of information within the estimating department are presented. Other related 
issues to the process of estimating and tendering are also examined. 
Chapter 3. This chapter contains a review of the basic principles of information 
technology (IT). Applications of IT to the process of estimating and tendering at both 
current and future point of time are also examined. The uncertainties surrounding IT are 
also reviewed. 
Chapter 4. The results of a comprehensive survey of the members of the Federation 
of Civil Engineering Contractors with respect to the nature of estimator's tasks and the 
impact of computer aided estimating systems are discussed in this chapter. It also 
incorporates a critical examination of the main findings of the survey results. 
Chapter 5. The issue of human factors within estimating is reported in this chapter 
through a study involving twenty-five practising estimators. Estimator's career 
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development, education and training are highlighted. In addition, a composite 
personality profile of the civil engineering estimator is discussed. Also, the knowledge 
and skills required for the job are investigated. 
Chapter 6. This chapter contains studies in human decision making, which are 
examined both theoretically and practically. An empirical study carried out with the 
colloboration of five practising estimators (two novices, three experts) to examine how 
estimators make decisions is reported in detail. 
Chapter 7. This chapter presents an overview of expert systems technology, identifies 
the tasks within the estimating and tendering process where expert systems may assist 
the estimator, together with a brief description of their purpose, mode of operation and 
main design issues. In addition, the chapter discusses the work undertaken in 
developing a prototype system to aid estimators in vetting subcontractors. 
Chapter 8. The major conclusions from this research are presented in this chapter. 
Areas of future research are also discussed. 
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Figure 1.1. Thesis layout diagram. 
(CUMIPTEIR 2 
TEIZ IESTIMAwTUNG AND UIEHDIEIRUNG IPIROCIESS 
2.0 INTRODUCTION 
Construction cost estimating is undertaken at various stages within the design and 
construction of a project. In-die-eady stages, an approximate estimate is required to 
assess the viability of the project. As the design of the works progresses more detailed 
estimates are produced. Prior to construction it is essential to have an accurate estimate 
of the final project cost. For the majority of contracts the client decides to ask several 
different contractors to tender for the work. For the contractor's estimator, estimating 
consists of calculating the probable cost to the contractor of efficiently carrying out the 
construction work if awarded the contract to construct the project. From this estimate 
senior management will produce a tender which consists of establishing a final price 
and terms for the contract that will be submitted to the client or his representative. This 
involves an assessment of the likely margin of error in the estimate together with the 
risk and financial implications of undertaking the work. This process is known as the 
estimating and tendering process. 
This chapter presents a general review of literature on the estimating and tendering 
process with a particular emphasis on the tasks undertaken by the civil engineering 
estimator, a necessary prelude to complete realisation of the aim and objectives of this 
research. The possible interchange and use of data within the estimating department, 
emphasising the role of the estimating function as a key source of data within a 
contractor organisation is also reviewed. 
The chapter also presents a review of guide-lines for good estimating and tendering 
practice. Other related issues to the process of estimating and tendering such as 
bill of 
quantities and methods of measurements are also discussed. 
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2.1 ESTIMATOR'S TASKS WITHIN THE ESTIMATING 
AND TENDERING PROCESS 
The estimating and tendering process can be divided into the following tasks briefly 
described in the sections below. 
/2.1.1 
Decision To Tender 
All companies have a corporate plan which detail the company's turnover targets broken 
down into its various divisions or sectors of work. Based on this corporate plan the 
contractor's senior management in cooperation with the estimator will take the decision 
to bid for a specific contract. This decision, according to McCaffer et al. (1991a) is 
based on such factors as : 
the potential contribution of the contract to the company's turnover in a 
particular sector, the overhead recovery and profit; 
the likely demands of the contract on the company's financial resources; 
the availability of resources to undertake the work; 
the type of work; 
the location; 
the client and his advisors; and 
the contract details. 
In addition, the decision to tender involves making judgements about market 
opportunities and risk. 
All these factors assume that the contractor has the 'luxury' to decide not to bid. The 
overriding factors in this decision are of course, the market condition and the 
contractor's current work load. Many contractors in time of deep recession have no 
altemative but to bid for the work. 
McCaffer et al. (1990) reported that such decision to tender may be taken at three stages 
within the estimating and tendering process: 
rMe first during the pre-selection stage if this is used. Pre-selection allows 
contractors to examine brief details of the project in order to allow them to 
indicate their willingness to proceed to produce a complete tender. 
The second is after a careful examination of the full contract documents. 
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(iii) The third is after the estimate has been prepared and the tender is ready. 
-, / 2.1.2 Programming The Estimate 
Having taken the decision to tender and having received the full contract documentation 
the estimator's first task is to establish a schedule of estimating activities against key 
dates so that the process can be effectively monitored and controlled. This is vital as the 
submission date and time are precisely defined and the time available to produce the 
tender is limited. 
j 2.1.3 Preliminary Project Study 
The purpose of the preliminary project study is to aggregate the material, plant and 
potential subcontractor items within the project, so that enquiries for quotations can be 
issued as early as possible. This preliminary project study establishes : 
the principal quantities of work; 
an appropriate estimate; 
the items to be subcontracted; 
the key delivery dates; and 
whether design alternatives should be considered. 
2.1.4 Materials Enquiries 
Typically the value of materials within a project accounts for between 30% and 60% of 
a projeas value (Abdel-Razek 1987ý, which indicates the importance of producing an 
accurate estimate for the materials element. Chadwick (1982) analysed national 
expenditure on the use of materials in construction projects and indicated the high 
increases in company profits that could be derived from modest savings in material 
costs. Ineffective handling of materials enquiries could have consequences that are not 
difficult to calculate. It is therefore critical to get enquiries out early to ensure that the 
vast majority are returned in time for inclusion in the estimate or even better in time for 
some negotiation to take place with a view to obtaining the 'best price. 
Due to the effects of inflation and the variance of delivery costs, the estimator is 
required to obtain a quoted price for every material to be used on the project (Ashworth 
1987). The process involved is, therefore, a highly routine task. However, the 
estimator will need his expertise to select suitable suppliers and calculate material 
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wastage factors based on previous performance. The estimator will also need to apply 
other materials management techniques, to ensure that the delivery period and delivery 
programme meet the time required for incorporation in the works. Techniques such as 
network planning have always provided the facility to monitor delivery programmes 
with respect to construction progress (Carpenter et al. 1981). 
More detailed information on purchasing management and materials wastage on 
construction sites are given by Wong (1986), Johnson (1985) and Skoyles et al. (1987) 
respective y. 
Z2.1.5 Selection Of Subcontractors 
The estimator will in the preliminary study have identified items of the work to be 
subcontracted. The decision to subcontract depends upon the specialisation of the work 
involved. In undertaking large projects or projects of a unique nature, the company may 
decide to subcontract work normally undertaken by themselves in order to access 
additional resources and spread the financial risk. 
Each subcontractor quotation has to be adjusted for attendance and other allowances. 
The estimator must therefore allow for this in the final subcontract rate included in the 
estimate. 
-,, -The choice of subcontractor 
is important and most companies maintain a list of 
approved subcontractors for various trades. Abdel-Razek et al. (1987) highlight the 
growth of subcontracting and the risks of selecting an unqualified subcontractor. 
Pearson (1974) states that effective control of subcontractors begins with their selection. 
Chapter 7 presents a prototype expert system that assists estimators in assessing the 
subcontractor's record and establishing standard vetting procedures. 
2.1.6 Construction Methods And Programme 
ýThe estimator in liaison with the planner, prepares method statements that describe how 
the work will be executed. These statements contain details of the type of labour and 
plant required, together with a pre-tender programme. During this task, alternative 
methods of construction are considered together with alternative sequences of work, 
differing rates of constructio4 and alternative site layouts. As these tasks progress, the 
prefered method of construction is chosen and the pre-tender construction programme 
illustrating this is prepared. The availability of computers has assisted the estimator in 
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performing this task. For example, Arroyo Varela (1984) developed computer software 
for method study analysis and Chow (1985) produced a computerised simulation of 
construction operations. Chow's simulation model concentrated on earth moving 
operations and did not extend to modelling all the construction operations on a project. 
,/ "2.1.7 Evaluating The Conditions Of Contract 
Construction contracts represent the intentions and procedures to be employed by the 
parties to the construction work. The estimator will always evaluate the construction 
contract and the general conditions clauses therein as these will have a major influence 
on the likelihood and degree of the project's success. 
Ibbs et al. (1987) presented contract clauses study data in a study commissioned by the 
Construction Industry Institute (CII), Texas. They carefully analysed different contract 
types and clauses for their impact on six major project performance criteria: cost, 
schedule, quality, safety, and owner, contractor satisfaction. They found that nine 
specific clauses were consistently identified as being most troublesome and as having a 
statistically significant impact on project performance. Both clients and contractors will 
benefit by taking a more discerning approach to the contractual arrangements of their 
projects. 
2.1.8 Calculating Labour And Plant Costs 
Before 
_pricing 
the bill items it is necessary to calculate the labour and plant rates for the 
resources to be used. The information necessary to perform these calculations is 
obtained through : 
construction industry standard agreements; 
study of the contract programme; and 
an examination of the site location and the market for labour and plant. 
The estimator will produce an all-in rates for the different categories of labour and plant 
required for the contract. Such rates will vary for each contract 
due to the different 
allowances used by the estimators. McCaffer et al. (1991a) provides examples of such 
calculations which show the complexity of the cost of 
labour and plant items. Given the 
criteria to be included in the calculation, this task becomes a simple arithmetic process. 
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2.1.9 Analysis Of Resources 
The estimator is required to establish the direct cost rates for each item in the bill of 
quantities. A direct cost rate is the cost to the contractor of undertaking the work 
described. The cost will include the costs of all labour, plant, material and 
subcontractors employed in constructing the section of work concerned. The real 'art' 
of estimating is in selecting the detailed resources of labour, plant, materials and 
subcontractors. An estimator's skill is in being able to define the configuration of 
labour, plant and materials required to undertake specific items of work. Having 
selected the resources, the amount of these resources required to undertake the work 
needs to be estimated, in hours for labour and plant and quantities for materials. Having 
determined the resources and usage (time or quantity) the remaining task is combining 
this information with the collected or calculated costs to produce a direct cost rate as 
illustrated in Figure 2.1. 
The main calculation techniques adopted by the estimator are unit rate estimating, 
operational estimating and spot rate estimating. These methods are briefly discussed 
below. 
Unit rate estimating 
Unit rate estimating is the selection of the resources (labour, plant and materials) 
required and the selection of output or usage rates for these resources. Thus for each 
resource the calculation is the output or usage rate combined with unit cost. An output 
rate is work quantity per hour and a usage rate is time or resource quantity required to 
complete a fixed quantity of work. This method of calculating gives rates that can be 
entered against bill item rates and therefore is commonly used. 
Qperational estimating 
Operational estimating is based on calculating the total quantity of work involved in an 
operation and estimating the total required time of the operation and combining this with 
the selected resources. This method of calculation is favoured by estimators involved in 
plant dominated work such as excavation and concrete placing. It is considered that this 
method of estimating, which links well with planning, deals more accurately with plant 
output which is subject to non-productive travel time and idle time. 
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Spot rate estimating 
Spot rates are direct cost estimates not based on calculation but entered into the estimate 
based solely on the estimatof s judgement. 
In any contract a number of items, e. g. earthworks and in-situ concrete, are likely to 
carry the largest value. These will be estimated by what is considered to be the more 
accurate method of operational estimating. Other items will be estimated by unit rates 
and finally the item whose contribution to the project's value is less significant will be 
processed by producing spot rates. 
Examples and discussion of other methods of pricing bill items used by estimators can 
be found in (Harris et al. 1989) and (Pilcher 1966). 
Discussions with practising estimators indicated that all these methods of pricing are 
used. No one method predominates and for certain types of work, e. g. provision and 
placing of concrete, a combination of methods are adopted. 
2.1.10 Calculation Of Site Overheads 
The estimator also calculates the site overheads of the project. These include allowances 
for (Baldwin 1982): 
- site management and supervision; 
- plant; 
- transport; 
- scaffolding; 
- miscellaneous labour, 
- accommodation; 
- temporary works and service; 
- general items; 
- commissioning and handover, and 
- sundry requirements. 
These items are usually contained in a check-list prepared by the company. This gives 
guide-lines on the appropriate allowances to be made in each category, the estimator 
determines the total cost by consideration of the cost of these resources and their 
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duration on the project. The importance of the check-list is to ensure that no element of 
site overheads is overlooked. The allowances made by estimators for site overheads 
was found in this research to be highly influenced by the estimator' s expertise. 
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Figure 2.1. Combination of unit costs with output or usage to produce a direct cost rate 
for an item. (Source: McCaffer et al. 1991 a). 
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2.1.11 Cash Flow 
In today's competitive environment it is not enough that construction contractors 
estimate jobs accurately. They must also try to maximise cash flow (Abernathy 1990). 
At the pre-tender stage, the estimator performs a cash flow forecast for the project by 
producing a carefully calculated forecast based on allocating bill items to activities on the 
pre-tender programme. This creates a direct link between the estimator's build-ups for 
each item with the pre-tender construction programme and allows the production of 
value versus time and cost versus time curves for which 'cash-in' and 'cash-out' can be 
calculated. 
However, the short period between receiving tender documents and submitting them 
limits the effort that could be invested in forecasting of cash flows. The estimator's rely 
on his expertise to alleviate such problem and forecast accurately the financial 
requirements of a contract. 
An evaluation of the techniques used by contractors to produce cash flows is given by 
Jayasekera (1988), whilst Ng (1983) and Oliver (1984) have produced examples of 
computer aided cash flow systems. 
Prior to the arrival of personal computers and spreadheet software, the task of preparing 
the cash flow was a tedious and time consuming manual operation which has to be 
performed prior to the tender adjudication meeting. Given modem technologies this task 
is relatively straight forward and every contractor should be capable of undertaking 
these calculations. 
2.1.12 Assessment Of The Estimate And Evaluation Of Adjustments 
The direct cost estimate for the project is assessed by a panel from the senior 
management and the estimating team. It is the responsibility of this' adjudication panel' 
to ensure that the estimate is adequate and represents the likely cost to the company of 
completing the work if awarded the contract. 
2.1.13 Allowances For General Overheads 
Each project undertaken must contribute to the cost of maintaining the headoffice and 
general overheads of the company (McCaffer et al. 199 1 a). A forecast of the company's 
turnover and its general overheads should be included in the company's budget. This 
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will assist the estimator's task in establishing the overhead allowance to be included in 
each tender. 
Tah et al. (1991a) undertook a survey of current practices in the allocation of general 
overheads to projects in the U. K. construction industry. The survey indicated that the 
methods used were highly subjective and based on past experience. Quantitative 
methods involving statistics and probability even though advocated are rarely used. 
They reported that any method used in a computerised estimating environment should 
reflect the subjective nature of the process and should be simple enough to be applied. 
2.1.14 Allowances For Risk And Profit 
The risk associated with the project must be identified and commercially quantified 
(Wayes et al. 1986). This will involve the estimator identifying potential construction 
problems with alternatives, areas of the project where insufficient information is 
available, and item quantities in the bill which appear unrealistic. The issue of risk 
allocation was investigated El-Hage (1989) who describes basic principles of risk 
management and its application in the construction industry. Complex mathematical 
models have been developed for the assessment of risk but these are rarely used in 
practice (McCaffer et al. 1990). 
Discussions with practising estimators revealed that the amount of profit required by a 
construction company for a particular project varies with volume of work in hand which 
is the predominant factor; orders anticipated; market conditions; and risk factor. 
Further information on determination of profit margins is given by Harris et al. (1989) 
and Mudd (1984). Computer tools have been developed to aid this task. For example, 
Tavakoli et al. (1989a) have developed an expert system to assist contractors in bid 
markup determination based on the desirability of a project to the contractor. The system 
provides the estimator with a tool to evaluate the risks as well as the rewards of a 
construction project enabling the determination of a suitable markup. 
2.1.15 Writing Up The Bill For Submission 
In submitting a tender with a priced bill of quantities the direct cost rates calculated need 
to be amended to take account of adjustments to the estimate, the markup allowances 
and any rate loading. This may be achieved by: 
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increasing all bill items by a single percentage; 
including a lump sum addition as an adjustment item; or 
by a combination of both. 
The introduction of computers has enabled these final adjustments to be made faster and 
more comprehensively than was previously possible (Baldwin 1982). 
2.2 DATA FLOW WITHIN THE ESTIMATING AND TENDERING 
PROCESS 
Pasquire et al. (1987) in a study on the interchange and use of data within a contractor's 
organisation concluded that the estimator and the site are the major source of 
management data within a construction company. The data flow within the estimating 
function can be classified as follows : 
Data received 
The data received is mainly tender documentation, which may take many forms but 
Pasquire et al. (1987) observed the following formats: 
1. Bill of Quantities comprising: 
preliminary items concerning the contract, the site, any working restrictions, 
etc.; 
preamble items concerning the standard of workmanship and materials to be 
used; 
measured items comprising description and net quantity of items of completed 
construction works; and 
drawings from which the bill of quantities had been prepared. 
2. Specification and drawings comprising: 
preliminary items as above; 
preamble items as above; 
an itemised description of the completed works, no quantities measured; 
usually composite descriptions of sections of the finished construction; and 
drawings from which the specification was prepared. 
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3. Design and build comprising: 
a design brief outlining the particular user requirements of the clients; and 
an outline sketch if provided; and 
a preliminary estimate if previously undertaken. 
Other data may be incorporated into the tender by the estimator, such as current prices 
obtained from suppliers and subcontractors, labour and plant outputs used by the 
company. Also, the estimator receives feedback from the other departments within the 
company , particular the site, to enable him to anticipate the full implications of a 
proposed project at the tender stage and the data required by other departments. 
Using these data the estimator can produce an estimate, and in doing so these original 
data undergo transformation and new data are created. 
Data generated 
The estimator generates an estimate comprising the f6flowing : 
1. Measured quantities, where none are supplied by the client, the estimator prepares a 
list of materials, plant and labour quantities based on drawn data. 
2. Unit rate for each item comprising of : 
unit cost of labour including an allowance for wasted time; 
unit cost of plant including some assessment of standing time; and 
unit cost of material including some assessment of wastage. 
3. Subcontract quotes for the works that are to be wholly executed by a subcontractor. 
4. Preliminary prices as an assessment of the financial effect that the preliminary items 
in the tender have on the construction works is made. 
5. Margin representing an addition made to the unit rates to allow for the company 
overheads and profit. 
These generated data are used by the estimator to complete the estimate for the works. 
The contractor's senior management determine a total tender sum which is stated on the 
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form of tender and returned to the client. If the tender is unsuccessful, these data are 
archived; if the tender is successful, the data generated by the estimator are passed to the 
purchaser, the planner, the surveyor and the site manager. 
However, research work by Kodikara (1990) has revealed that, although contractors 
widely use the estimate for post-tender work, the full potential is not being achieved yet 
throughout the contract. He found that the extent of use of the estimator for post-tender 
work in the industry averaged 50%. In addition, substantial re-work of the data 
involved is required for the use in other information systems throughout the contract. 
Betts (1990) produced a model showing the interrelationships between tasks and all 
items of data that are used in the estimating and tendering process. The model provides 
an opportunity for better application of information technology to the estimating and 
tendering process. The work of Betts (1990) has reinforced the work of Pasquire et al. 
(1987). However, his work concentrates on building contractors not civil engineering 
and employed standard data analysis techniques to model the flow of information within 
the process. Detailed study of estimators' decision making and expertise has not been 
included. 
2.3 GENERAL ESTIMATING AND TENDERING PRINCIPLES 
Most available literature on estimating and tendering does not provide generally accepted 
principles against which estimating practices can be judged. The literature's primary 
focus is on estimating formats, procedures and processes for particular applications. 
However, the Chartered Institute of Building has developed a code of estimating 
practice designed to guide contractors towards good practice in estimating and tendering 
(Estimating Practice Committee of the Institute of Building 1983). There is however, no 
sufficient evidence to show that the code is being adhered to. This leaves a wide gap in 
teaching and practising estimating. Estimators need to understand its principles in the 
same manner that engineers understand design principles. 
Jr Carr (1989) suggested a general set of principles that are applicable to estimating 
construction costs. These principles are : 
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(a) Reality 
The estimator has to produce an estimate that is an accurate reflection of reality. 
This is first a question of professional expertise and judgement, and a matter of 
relevant historical data. 
Level of detail 
The detail of an estimate reflects the accuracy and confidence placed in its value. 
Detail is defined in terms of the number of levels in the work breakdown 
structure. If a more detailed breakdown and description of the activity can 
produce more accurate estimates, then should be considered in developing the 
work breakdown structure. 
(c) Completeness 
The estimator must have the vision to see beyond the obvious components of the 
project and their primary costs of construction, he has to include all items that 
wiH be in the project yet to add nothing extra. 
Documentation 
An estimate must be in a form that can be understood, checked, verified and 
corrected. All assumptions that the estimator is taking into consideration must be 
explicitly stated. A well-engineered estimate is expected to include side notes, 
erasures, crossed-out items and jotted-in corrections. This produces a well 
documented, readable working document that can be easily updated to produce 
accurate realistic estimates of costs. 
(e) Direct and Indirect costs 
A direct cost of a construction activity is a cost that is only incurred if an 
activity is performed. Direct construction costs are classified into labour, plant 
and materials costs. 
Indirect costs, also known as overheads, are business costs other than direct 
costs of construction activities; they are incurred even if the activity is not 
performed. They consist of large costs that would have occured even if an 
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activity had not been performed; and small costs that would be direct except that 
assigning them to activities is not economical. 
There are two levels of indirect costs, the first is site overheads, which is all 
costs that are economically traceable to a project but that would not have occured 
had the project not been performed. The second level of indirect costs consists 
of the costs of running the construction business that are not economically 
traceable to its projects. These are called general overheads. 
(f) Variable and fixed costs 
Costs can be classified by whether they change as the volume produced 
changes. If a cost changes in proportion to a change in volume or quantity it is 
variable. If a cost remains unchanged in total despite wide fluctuation in volume 
or quantity, it is fixed. 
Most construction activities are a mixture of variable and fixed costs. Most of 
general overhead costs can be considered fixed for a given period of time and 
many of site overhead costs are fixed, particularly costs of installing job-site 
services. 
The difference between variable and fixed costs is particularly important in 
deterrnining relevant costs for changes in contract quantities. 
Contingency 
An estimate usually has a degree of error associated with it. A contingency 
amount is necessary complement of the estimate. A contingency represents a 
possible or unforeseen occurrence. The first is the expected value of a possible 
identified event. The second type of contingency is the possible cost of 
unforeseen events that cannot be identified because the estimator does not know 
what can happen. Perhaps the second type needs close attention, because it is a 
margin for error. 
These principles form the base for good estimating practice. Adherence to these 
principles should provide estimates that are accurate and useful 
for subsequent 
decisions. 
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2.4 ESTIMATING AND THE BILL OF QUANTITIES 
Construction contracts based on a bill of quantities are the most common type of 
contracts in use in the U. K. (RICS 1986). The bill of quantities is the contract 
document that has had the most influence on the practices and procedures of 
contractors' estimators (McCaffer et al. 1991 a). Table 2.1 presents data concerning the 
key importance of bill of quantities in the construction industry across the European 
Economic Community. It reveals that: 
there is no country in the EEC which is not using bill of quantities as a part of 
tender documentation; 
only in the U. K. and Ireland does a quantity surveyor prepare the bill of 
quantities; and 
not all bill of quantities are produced on the same level of detail across the EEC. 
Changes in the method of measurement or the format of the bill of quantities has a great 
impact on the working procedures of estimators (McCaffer et al. 1991 a). For example, 
the replacement of the ICE Standard Method of Measurement by CESMM in 1976 and 
its second edition CESMM2 in 1985 have introduced a more structured and codified 
presentation of measurement information. 
The two main methods of measurement used in civil engineering works are: 
(1) The Institution of Civil Engineers: Civil Engineering Standard Method of 
Measurement (CESMM2), second edition, 1985. 
The Department of Transport Method of Measurement for Fhghway Works, 
third edition, 1987. 
The development of the civil engineering method of measurement (CESMM2) and 
Department of Transport's method of measurement for highway works has helped in 
creating a link between estimator's data and bill items, prepared under these two 
methods of measurement. This facilitated the acceptance of computers in estimating 
during the 1980's. The current level of use of computer aided estimating and its impact 
on estimator's tasks are discussed in Chapters 3 and 4. 
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Table 2.1. Bill of Quantities across the European Economic Community. * 
Country Tender Documentation With Who Prepares 
Bills of Quantities Bills of Quantities 
Germany Yes Architect 
Belguirn Yes Architect 
Denmark Yes Contractor 
Spain Yes Architect 
France Sometimes Architect 
Greece Sometimes Engineer 
Ireland Often Quantity Surveyor 
Italy Sometimes Architect 
Luxemborg Yes Architect 
The Netherlands Yes Architect 
Portugal Sometimes Architect 
United Kingdom Often Quantity Surveyor 
* Adapted from Mathurin (1990). 
2.5 SUMMARY 
The review of literature presented in this chapter has highlighted the decisions and 
judgements required in the estimating and tendering process. This chapter has been 
included to provide an overview of this process to put the decision making tasks of the 
estimator in context. Detailed examples of the mechanistic calculations are provided in 
McCaffer et al. (1991a). The flow of information within the process is well described 
by Betts (1990). No previous research was identified with respect to the decision 
making processes of the civil engineering estimator and his expertise. 
The work of an estimator is more than simple calculation of costsl 
it is also a 
management function, where the use of expert judgement and expertise 
is unavoidable 
and desirable. The process of producing an estimate and a tender 
is complex, involving 
several tasks and personnel within the company and external organisations such as 
material suppliers, sub-contractors and plant hire companies. 
This process has to be 
managed within a tight and weH defined timescale. 
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The estimating department is the first department within a contractor's organisation to 
have any contact with a prospective contract and is required to deal with documents 
prepared by the client or his advisors. The chapter has revealed that the estimator acts as 
the focal point for data exchange within the contractof s organisation. 
This chapter has also indicated the need for generally accepted cost estimating principles 
that can guide good estimating practices. An estimate must be an accurate reflection of 
reality. An estimate should show only the level of detail that is relevant to decisions. 
Completeness requires that it includes all essential items yet add nothing extra. 
Documentation must be in a form that can be understood, checked, verified, and 
corrected. Attention must be given to the distinction between direct and indirect costs 
and between variable and fixed costs. Contingency covers possible or unforeseen 
occurrences, both the expected value of possible identified events and the expectation 
that events will occur that cannot be identified in advance. 
It was emphasised in the chapter the key importance of the bill of quantities in the tender 
documentation together with the role played by the two main methods of measurements 
in facilitating the storage and retrieval of estimators data through their structured 
classification and notation of bill items. 
The improvement of general estimating performance has taken two forms in recent 
years (McCaffer et al. 1990). One is the improvement of the process of estimating 
largely through the disciplines imposed by computer systems. The second is by more 
widespread and improved education and training of practising estimators across the 
range of companies. This issue of education and training of practising estimators is 
investigated and discussed in Chapter 5. 
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3.0 INTRODUCTION 
In order to provide a comprehensive basis for investigating the impact of computers on 
the tasks of the civil engineering estimator, a review was made on the role of 
'Information Technology' in the estimating and tendering process. Information 
technology is often widely used across various disciplines as anything related to 
computers. However, it is shown in this chapter that there are different aspects of 
information technology which needs to be considered. Accordingly, this chapter 
presents details on information technology as well as a review of its present and 
anticipated future use, in particular within the estimating and tendering process. 
Information technology is presented logically, on a general level, via its two main 
issues: 
Fundamentals of information technology. 
hnportant developments in information technology. 
The chapter also presents a review of information technology applications to the 
process of estimating and tendering. The following types of applications are reviewed 
in detail: 
Computer aided estimating systems. 
Potential applications ( EDI, office automation and expert systems). 
Finally, the chapter reviews some of the uncertainties which still persist, showing the 
need for the right environment and attitudes throughout the 
industry enabling 
information technologY ideas to flourish. 
3.1 INFORMATION TECHNOLOGY 
Longley et al. (1989) defined information technology 
(IT) as " The acquisition, 
processing, storage and dissemination of vocal, pictorial, textual and numerical 
information by a microelectronic s- based combination of computing, 
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telecommunications and video. Information technology has arisen as a separate 
technology by the convergence of computing, telecommunications and video 
techniques. Computing provides the capability for processing and storing information. 
Telecommunications providing the vehicle for communication of this information and 
video provides high-quality display of images. This convergence has been catalysed by 
the availability of complex, reliable and cost-effective microelectronics components and 
equipments. Global developments in electronics have also stimulated the search for 
common international standards, particularly in computing and telecommunications, 
which are paving the way for wide-scale applications of information technology ". 
From the above definition it is evident that information technology has now emerged as 
a coherent discipline in its own right. It draws heavily upon computing, 
communications and microelectronics in the handling of information whether it be 
graphics, voice, text or numbers. 
In the next two sections the fundamentals together with the important developments in 
information technology are reviewed. 
3.1.1 Fundamentals Of Information Technology 
The fundamentals of information technology are semiconductor engineering, computer 
architecture, programming and opto-elpctronics (Cox 1989). A brief detail of each of 
these is given below. 
Semiconductor Engineering. Advances of IT has been driven by developments in 
semiconductor engineering. Almost every year since the late 1950's, engineers have 
delivered a 30 percent increase in the processing speed of the fastest chip and, more 
importantly, a 30 percent improvement in price/performance (Cox 1989). The use of 
new materials should provide scope for further development. 
Computer Architecture. Computer architecture was always based on single processor 
theory. Now requirements for higher speed have led to the development of the parallel 
processor architecture. Figure 3.1 shows that parallel computers are now the world's 
fastest computers. 
,, 
IProgramming. 
Programming is central to the advances of IT as the development of 
programming languages and structured methods plays an important role in IT 
deployment (Cox 1989). Also, advances in programming presented by specific 
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innovations such as the word processor and spreadsheet are making some aspects of 
computer usage much easier and more productive. 
Opro-electronics. Research into opto-electronics technology has developed optical 
fibres which was used in long distance communication systems. 
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Figure 3.1. Computer processing power. W-- 
(Source: Cox 1989). 
3.1.2 Important Developments In Information Technology 
According to Longley et al. (1989) the information technology framework may 
comprise of two main elements: 
1. Computing; the information Processing hardware and its associated operating 
systems software. 
2. Communications; the telecommunication network and their associated 
mechanisms for interfinking and interworking. 
30 
1990 1995 2000 
/ 
Computers may be classified into three broad categories : mainframes, minicomputers 
and microcomputers. These computers in all three categories can be linked together 
through both local and wide area networks. 
Mainframes. A mainframe is a general-purpose computer able to manage a very large 
volume of data for many users, where it can process a mixture of batch work, online 
transactions and time-sharing work. 
Minicomputers. Compared with the mainframe, minicomputers deliver more limited 
services to a smaller number of users. Networking facilities would create a market for 
minicomputers especially designed to perform tasks such as database management, 
desktop publishing and communications. 
Microcomputers. Each microcomputer supports a single user and by the year 2000, 
personal computers having the power of a large mainframe will be available for 
much the same price as a personal computer of today (Cox 1989). The development of 
microcomputer software will be marked by three main trends: increasingly powerful 
applications packages; the emergence of a small number of standards; and the ability of 
a single microcomputer to provide access to a wide variety of systems and services, 
both local and remote. 
Communications systems may be classified into two broad categories : local area 
networks and wide area networks. A brief description of both categories is given 
below. 
Local Area Network. The incentive for the development of local area networks (LANs) 
arose from the proliferation of micro- and minicomputers in large organisations and the 
perceived trend to supply users with more communication devices to supply and access 
data, and to share disk storage devices, sophisticated printers, etc. 
Wide Area Network. A wide area network is a network connecting large numbers of 
terminals and computers spread over a wide area. Together with deployment of 
electronic mail and electronic data interchange, these developments will enable 
telecommunications to replace letter post and telephone (Cox 1989). 
Having reviewed the basic concepts of IT, the next section presents an overview of its 
applications in the process of estimating and tendering. 
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APPLICATIONS OF IT IN ESTIMATING AND TENDERING 
Several parties are involved in the construction process. Each of these parties need to 
exchange information with the other parties. Advances in construction technology have 
led to construction projects consisting of numerous technical systems and vast amount 
of materials and equipment. These factors occasion a need for data creation, 
processing, communication, and storage, as well as the use of expert knowledge 
concerning the design, construction and maintenance of construction projects. IT can 
provide excellent help in managing data sets of this magnitude. 
McCaffer et al. (1991a) reported a considerable increase in the use of computers as 
well as associated information technology applications for all types of construction 
management functions within civil engineering contractors' organisations. In 1989, the 
Construction Industry Computing Association (CICA), in conjunction with KPMG 
Peat Marwick Mclintock conducted a survey concerning the current and anticipated use 
of information technology within the construction industry, and the results were 
published in' Building on IT - for the 90's' (CICA & KPMG Peat Marwick Mclintock 
1990). The responses, which confirm the findings and forecasts of an earlier survey by 
them carried out in 1987 revealed clearly the significance of information technology 
upon contractors' organisations throughout the last decade. 
/y/Figure 3.2 shows the survey's results for the current use of computer software by civil 
engineering contractors. The use of spreadsheets was the top application. The results 
also indicated that contractors had followed a reserved approach when implementing 
technical applications such as estimating and plant management systems. Some fifty 
percent of civil engineering contractors use computer aided estimating systems. This 
level was confirmed in a survey by the author presented in Chapter 4. This survey of 
the members of the Federation of Civil Engineering Contractors (FCEC), was 
conducted to establish the current use of computer aided estimating systems and their 
impact on the tasks of the civil engineering estimator. 
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Figure 3.2. Civil engineering contractors' current use of computer software. 
(Source: CICA/KPMG Peat Marwick McLintock Survey 1990). 
The basic characteristics of the estimating and tendering process that make it suitable for 
the use of IT are as follows : 
Record keeping. The huge volume of data and the need for a record of all these 
data make the process suited to the record keeping abilities of IT. 
Communications. The huge volumes of data described above create a need 
for rapid and efficient communications between different parties of the 
project; which can be facilitated with IT. 
Computation. Production of a cost estimate involves a mixture of 
calculation and judgement. These demands are facilitated by the use of 
computers. 
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Consequently, the use of IT in the estimating and tendering process (i) improves 
efficiency by allowing the estimates generated to 
be more accurate and processed in a 
faster way; and (ii) provides companies with a broader access to 
information and thus 
increasing their competitive advantage. 
jAccording 
to Amihud and Mendelson (1985) there are three stages for the evolution of 
IT in any industry. In stage 1, IT replaces and/or 
improves existing clerical functions. 
In stage II, there exists a multitude of computer-based applications that support the 
current business philosophy. The benefits of 
IT are realised and the thrust of 
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/applications changes from efficiency to effectiveness. In stage III, the complete 
capabilities of IT are realised and the basic business philosophy and structure is 
changed to make full use of these capabilities. Stage 3 represents a fundamental change 
in an organisation's approach to information systems and may for some industries even 
revolutionize the way in which they deal with their customers and business partners. 
(e. g. banking and financial services). 
Applying this packages to the construction industry, the evolution of IT can be seen as 
follows. Stage 1, involves the automation of the high volume of clerical and accounting 
operations inhererit in the industry. Stage 11, involves the spread of automated aids 
designed to support the different management function groups within the industry such 
as project planning packages and computer aided estimating systems. In stage 111, the 
systems do not facilitate existing activities, as in stage II, but instead revolutionise the 
operations within'such activities in producing more effectiveness in doing so than in 
stage II. Stage 3, for construction organisations is seen as primarily as the full 
integration of information systems relating to the project. This win extend to integrated 
systems that share data between all the parties to the project: client, engineer, quantity 
surveyor and contractor. Facilities such as Electronic Data Interchange are seen as 
fundamental to the transition to stage 3. 
The next section reviews the use of IT in the estimating and tendering process, in 
particular the present and future use of computer aided estimating systems. 
3.2.1 Computer Aided Estimating Systems 
The number of commercially available computer aided estimating software has seen a 
sharp rise in order to match the growth in computer usage by contractors. In 1979, 
there were 12 packages available in the UK market (Baldwin 1982). By 1990, the 
market has stabilised around 50 packages (McCaffer et al. 1991 a). 
Although Scott (1989) has reported that computer aided estimating is one of the most 
difficult application areas with respect to the selection of software and the testing and 
implementation of the system, there are many contractors, reported in the survey 
conducted by the author and presented in Chapter 4 who, 
by careful software selection, 
progressive implementation and commitment to continued research and 
development, 
have successfully introduced computer aided estimating systems within their 
organisations. These systems are now fully operational and producing 
both foreseen 
and unanticipated benefits to the companies concerned. 
3.2.1.1 Estimator's Requirements In Computer Aided 
Estimating Systems 
Baldwin (1982) identified the following facilities as 
being fundamental to a computer 
aided estimating system: 
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calculation of bill item prices from input data by a number of different methods; 
application of calculated item rates against all relevant bill items; 
providing an extension and summation of bill item prices; 
providing a variety of reports and bill listings; 
storing data on different resources and their requirements for different 
construction methods; 
storing lists of all-in rates and materials and subcontractor prices for the 
contract under consideration; 
storing the full build-up of each bill item within the contract with 
the facility to retrieve, check and rework the item if required; 
assisting the estimator in his communication with other parties both 
inside and outside the contractor's organisation; 
enhancing the estimator's skill and extend his knowledge of the construction 
process; and 
limiting potential errors within the estimating process. 
Over the last decade systems have been developed that accommodate most if not all of 
these requirements. A review of current commercially available computer aided 
estimating systems (Stephah-9-6n 1991) shows that most system developers have 
responded to these needs previously identified by Baldwin (1982). 'Mis was confirmed 
in the survey described in Chapter 4. In this survey estimators current requirements 
included: improved speed; greater flexibility; and better facilities for explaining the basis 
of the estimate. The importance of systems to reflect the estimators' expertise was also 
revealed. 
/, /, 
The ongoing development of hardware and software products can be expected to meet 
the basic requirements of estimators with respect to computer aided estimating systems. 
The Building IT 2000 report (Building IT 2000,1991) forecasts faster processing, 
integrated systems and new user interfaces. However, unless computer aided 
estimating systems reflect estimators' decision making processes and accommodate 
their expertise it is doubtful whether estimators will ever fully realise the benefits of 
information technology (see Chapter 4). The_ýtudy-pf the decision making processes of 
civil engineering estimators is therefore critical to the dev&qpment-of new systems. 
35 
3.2.1.2 Types Of Computer Aided Estimating Systems 
Computer aided estimating systems may be classified into two main types: bespoke 
systems and commercially available estimating software. A brief description of each 
type is presented below. 
Bespoke Estimating Systems. A contractor in an effort to meet specifically both its 
estimating and computer requirements can embark on developing its own estimating 
system. According to McCaffer et al. (1991 a) the development of a bespoke estimating 
system has a number of main advantages: 
Because the system is produced specifically for the estimators within the 
company, the system includes all the functionality required for their work. 
The estimators have an opportunity to participate in the development of their 
system. 
The company is normally able to ensure the quality of software that is 
developed and the comprehensive testing is undertaken prior to the introduction 
of the system. 
Nevertheless, they reported some disadvantages mainly : 
The cost of the system production and maintenance is considerably higher than 
a packaged solution. 
There is normally a very long lead time between the start and completion of the 
system. 
The production of the system is only possible with the full commitment of 
management and users at every level within the organisation. 
However, the 'bespoke' solution is perceived as the best direction for producing a 
system that exactly meets the needs of users. Loughborough University experience 
provides a good example of such success such as the development of BBEST (1988), 
an estimating system produced under a Teaching Company Scheme by Balfour Beatty 
Construction Ltd in conjunction with the Department of Civil Engineering at 
Loughborough University of Technology. 
Commercially Available Estimating Software. The Construction Industry Computer 
Association publishes annually a software selection guide (CICA and RIBA 1991) 
which provides a full listing of the software available to the industry. Purchasing cost is 
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the main advantage of commercially estimating software relevent to the development 
cost of a bespoke system. 
McCaffer et al. (1991a) reported the following disadvantages of commercially 
estimating software: 
It is unlikely that the system available will fully meet the purchaser's 
requirements.. 
The system installed by the supplier cannot be amended by the user. 
Suppliers are normally reluctant to custornise their software for particular users. 
The user is dependent upon the next 'upgrade' of the system to include the 
additional functions required. 
The contractor is totally dependent on the supplier to maintain the software and 
ensure that the system is functioning satisfactorily. 
If the supplier ceases to trade or the business is acquired by another party who 
are reluctant to meet the supplier's commitments the users may find that their 
investment is unprotected. 
The purchase of commercially available estimating software is still the best option for 
acquiring a comprehensive proven estimating system at a reasonable cost. The problem 
potential users now face is selecting the software that best suits their needs, priorities 
and limitations (Arditi et al. 199 1). Ardid et al. (199 1) developed an expert system that 
assists users in making the decision what estimating system package to acquire. The 
system matchs potential usefs needs with available estimating system capabilities. 
3.2.1.3 New Hardware And Software Developments For Use With 
Computer Aided Estimating Systems 
Over the last decade new hardware products have been developed and used to meet the 
needs of practising estimators. These include: 
optical character recognition; 
mouse; and 
digitiser system. 
Optical Character Recognition. An optical character recognition (OCR) device provides 
the facility to scan a page of text ( e. g. from a bill of quantities) and identify the 
characters present. This assists the estimator to edit or store the text directly within his 
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system. More detailed information on the use of OCR's is given by Morris (1989, 
1990). 
Mouse. The use of a mouse as an input device provides the estimator with additional 
flexibility in data input and system usage. 
Digitiser System. A digitiser system is an input device particularly suited to measuring 
dimensions directly from construction drawings and is invaluable for use with 
computer aided estimating systems. Using a digitiser, an estimator can measure the 
dimensions of the work items within the project directly from the drawings and then 
pass them directly to the estimating system, so reducing the amount of data entered via 
the keyboard to a minimum. 
The Building IT 2000 report (Building IT 2000,1991) predicted that the computer 
industry will respond to user demands by producing hardware products which are 
easier to interconnect and to customise for the needs of a particular business. Future 
hardware products will include: networks and file servers for the micro world, 
commercially viable parellel processing machines, neural networks for recognising 
patterns, and storage and display facilities enabling the running of several programs at 
once. 
In addition to hardware developments, the last decade has seen new forms of software 
development that was applied to meet the estimators' needs. For example, Alshawi et 
al. (1991) have reported the development and introduction of Fourth Generation 
Languages (4GLs). Estimating systems software developers have used 4GLs to 
produce better integrated cost databases, and better screen and report generation 
features. 
Future software developments will be centred on communications and integration. New 
techniques such as object oriented programming will be used to produce more reliable 
and flexible systems. Integration of expert systems with existing computer aided 
estimating systems is one of such anticipated future software developments. This will 
provide computer aided estimating systems with intelligent front ends to manipulate 
experiential knowledge with procedural knowledge (Alshawi 1991). 
Whilst it is impossible to accurately predict future developments, the general trend in 
information technology evolution and the demands of the market place will inevitable 
result in new information technology products to assist the civil engineering estimator. 
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3.2.1.4 The Future Of Computer Aided Estimating Systems 
The following aspects of information technology are expected to play a significant role 
in future computer aided estimating systems (McCaffer et al. 199 1 a): 
improved user interfaces; 
integrated systems; 
user configurable systems; and 
knowledge based systems. 
Improved User Interfaces. The new acceptable forms of user interfaces such as voice 
recognition will, in the fullness of time, be incorporated in future computer aided 
estimating systems. 
Integrated Systems. McCaffer et al. (1991 a) emphasised the necessity to link estimating 
with other departments within a contractor's organisation. Barton (1987b) predicted a 
new range of construction management integrated systems having estimating as a core 
but facilitating planning, cost control, measurement and valuation. 
Willis (1990) stated that integration should not be a hard fixed ridged integration 
environment but a system whereby each department has the control of their own destiny 
and yet by transfer of common data or information from one department to another. 
Data which is of current and collective interest, which would be shared to minim#2-o. 
unnecessary duplication should be considered. 
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For example, future integrated systems would have the facility to link the design and 
estimating processes, this will allow the estimator to accept electronic CAD plans from 
design offices. This flexibility is expected to significantly reduce the use of paper and 
improve the streamline of information flow, thus improving coordination and 
productivity. 
- User Configurable Systems. O'Brien (1989) indicated that the current generation of 
estimating systems represent a failure on the part of information technology to supply 
satisfactory systems to estimators. He stressed that through the use of 'fourth 
generation' languages and relational databases it would be possible to construct 
'configurable declarative' systems. This systems are characterised by a built-in 
flexibility and may be changed or configured to meet individual estimators' 
requirements in the functionality and operational features available within the system. 
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No such systems are as yet commercially available but prototypes have been developed 
(Pantouvakis 1990) and these show the future direction for systems that will be easily 
amended to meet estimators requirements. 
Knowledge Based Systems. Future computer aided estimating systems will not simply 
calculate item build-ups based on libraries of construction activities. They will assist the 
estimator in the selection of the resources required and then use the appropriate output 
or usage rates to produce the initial estimate of the cost of the work. For example, it is 
current practice for estimators to select their labour and plant requirements for drainage 
works by consideration of the specification for the pipe, the pipe diameter, the depth of 
trench required and the soil conditions. These parameters determine the type of plant 
required and the output rates to be used within the estimate. This type of selection is 
particularly suitable for the use of knowledge based systems (Tah et al. 1991b). 
/3.2.2 
Potential Applications Of IT In The Domain Of Estimating 
And Tendering 
The use of IT will increase considerably over the next decade (Building IT 2000, 
1991). Existing applications will evolve, and new kinds of systems will appear (Cox 
1989). A brief view of major anticipated applications in the domain of estimating and 
tendering is presented below. 
4 3.2.2.1 Electronic Data Interchange 
Langan (1990) reported that the majority of commercial and project information 
between clients, their advisors, contractors, subcontractors and suppliers are either 
abstracted from company systems, or created on a personal computer and then printed 
off and put in the post. The receivers then manually enter some, or all, of the 
information back into their own systems. Electronic data interchange (EDI), can 
overcome this problem by providing the link and helping to remove the mountains of 
paper documents which are handled, corrected, transcribed and copied as part of 
today's business practice. 
The advantages most commonly quoted for the use of EDI are: 
EDI saves on clerical costs by avoiding re-entry of data and allows 
timely and error free transaction information to be passed from one computer 
to another; 
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by improving information management and data exchange within and between 
organisations, EDI opens up the possibility of introducing new business 
strategies such as 'just-in-time' production; and 
quicker and more accurate processing of payment transactions, thus improving 
the cash flow. 
EDI is a new way of doing business and becoming more responsive to client's 
requirements. 
Some trial exchanges of information have already taken place. Other initiatives led by 
EDICON, the association responsible for coordinating EDI in the construction industry, 
are underway to extend the range of pilot implementations (Knowles 1990). 
Recent work by EDICON has concentrated on the production of Bill of Quantities 
messages that may be used in the complete project cycle: the invitation to tender; the 
submission of the tender; the establishment of the contract; and the payment for the 
construction of the works. These messages have now been submitted to the United 
Nations for ratification as standard messages; i. e. agreed electronic message structures 
for use by all trading partners for the exchange of data relating to the Bill of Quantities 
document. It is hoped that these messages will be pilot tested before 1992, (Lai 199 1). 
(ý The number of EDI users in the construction industry has not yet reached a critical mass 
level. However, provided users recognise that EDI is a business led issue and not a 
technical issue EDI will gain widespread acceptance in the construction industry 
(Knowles 199 1). 
When EDI becomes an accepted method for the transmission of Bill of Quantities data 
this will result in the following changes to the civil engineering estimator: 
data will be transfered to computer aided estimating systems automatically; 
additional project data, (over and above that supplied in current paper based Bill 
of Quantities documents), may be made available for use by estimators; 
quotations will be requested from subcontractors electronically; and 
tenders will be submitted electronically. 
_/ 
Clearly this will have fundamental effects on the estimating and tendering process and 
the task of the estimator. 
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3.2.2.2 Office Automation 
By the year 2000, office systems will generally be able to capture, create, store and 
retrieve compound documents (Cox 1989). The introduction of office automation in a 
contractor's organisation, will inevitably impact the estimating and tendering 
department. For many estimators, the computer will become the obvious tool for 
calculation, communication, knowledge and even ordering of thoughts within the 
estimating and tendering process. Estimators who currently do not have direct access to 
computer systems will become accustomed to their availability. 
3.2.2.3 Expert Systems 
A recent study of the use of computer aided estimating systems by civil engineering 
estimators (Oteifa et al. 1990) confirmed suitability of the domain of estimating and 
tendering for civil engineering works for the an application of expert systems. The 
study revealed that existing computer aided estimating systems, although assisting the 
estimator with the tasks dominated by arithmetic calculations, failed to accommodate 
uncertainty and work satisfactorily with incomplete data nor allow estimators the full 
facilities to exercise their expertise. The study showed that within the estimating and 
tendering process the high priority tasks all relied upon a high level of expertise. To 
date this issue has been almost totally ignored by developers of systems for civil 
engineering estimators. As the development of expert or knowledge based systems 
becomes more common it is inevitable that such systems to assist the estimator will be 
developed. Baldwin et al. (1991a) have discussed some potential systems' purpose, 
mode of operation and their design issues within the domain of estimating and 
tendering for civil engineering works. 
A description of an expert system approach to estimating and tendering of civil 
engineering works together with a prototype system to aid the estimator in the task of 
selecting a competent subcontractor are presented in Chapter 7. 
_/3.3 
UNCERTAINTIES IN THE FUTURE OF INFORMATION 
TECHNOLOGY 
Although much of the future of IT can be foreseen, at least from the academic 
viewpoint ( see for example, McCaffer et al. 199 1 b), some important uncertainties still 
persist (Cox 1989). The roots of these uncertainties lie in managing the 
IT function, 
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departmental computing and the growth of data storage. This section presents a brief 
discussion of such uncertainties. 
3.3.1 Managing The IT Function 
The wise and successful use of IT is one of the most important challenges facing the 
construction industry in future and inparticular tomorrow's manager. As the technology 
becomes more widely spread and cheap, the task of directing and managing it 
successfully will become increasingly critical to every fmn worldng in the construction 
domain. 
Based on work carried out by Tomlin (1988), the following reasons are contributing to 
the view that managing IT function in the construction industry is not well understood: 
IT is a relatively new entrant into the industry. Consequently, there is only 
limited experience from which to learn. 
The speed of advances in IT is moving very rapidly, which forms a problem in 
the industry to grasp the benefits of the technology. 
IT can also fundamentally changes the nature of the company, which was 
usually not recognised by the industry's managers. 
The industry has to appreciate that the full use of IT involves considerably 
more than just introducing machines and maldng them function properly. The 
technology changes the way people work, the way jobs are done, the way 
managers manage and the way companies compete. 
Few IT specialists are able to foresee their organisations' future requirements 
for IT beyond the short term or to present them in ways that are useful to the 
construction industry. 
The management of IT for estimating and tendering was recognised as an 
important 
aspect of IT use at the start of the last decade 
(McCaffer et al. 1984). Nevertheless, the 
issue has failed to be completely resolved and is a reason for the lack of success of 
IT 
in the estimating and tendering process. 
43 
Dixon (1990) indicated that there is little evidence to suggest that companies in the 
construction industry are incorporating strategic planning techniques into the 
deployment of information technology within their organisations. The industry must 
begin to recognise that the development of information systems is a strategic issue, 
where time and money spent on the initial phase of diagnosing what is needed and how 
it can be achieved will be repaid in the creation of systems that meet genuine needs over 
a long period. Earl (1989) identified nine reasons that show why an information 
technology strategy is important. The most imortant of these are: 
IT is a high-expenditure activity. 
IT is critical to many organisations. 
IT affects all levels of management. 
IT management makes a difference to the overall success of information 
systems. 
st IT cannot be considered to be 'critical' to a construction organisation in the same 
way that it is critical to organisation in the financial services sector, few would argue 
that the increase in IT use has not resulted in increased expenditure. IT now affects all 
levels of management in construction organisations including those within the 
estimating and tendering departments. The management of IT has already been 
identified as an important issue. 
The success with IT depends on non-technical as well as technical components. The 
non-technical components of success may be grouped into three categories: executive 
vision and leadership; culture and people; and environment. The environment should be 
given serious consideration. It is surprising how many companies will spend money on 
new computers yet not address the ergonomics of the work environment (PA 
Consulting Group 1990). 
3.3.2 Departmental Computing 
There are two trends in the deployment of computers within any organisation: 
decentralised and centralised. Cox (1989) reported that the future may well see an 
oscillation between decentralisation and centralisation in departmental computing. 
The 
decentralisation approach is favoured by the availability of low cost personal 
computers, with their high speed which makes them 
ideal for intensive-processing 
applications. 
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Nevertheless, centralisation of computing facilities is attractive to some organisations as 
more managerial computer terminals are increasingly used to access data held in central 
databases and line departments, having introduced computers for particular 
applications, are seeking to transfer the operation and control of these systems to their 
information systems departments. 
3.3.3 The Growth Of Data Storage 
The amount of data held by most organisations has shown a tremendous growth. This 
is expected to continue indefintely (Cox 1989). Also, future storage volumes will 
increase greatly as organisations begin to deploy newly advanced information 
technologies. There is however, a degree of risk of failure to accommodate all these 
vast amount of data. 
3.4 SUMMARY 
Information technology has established itself as an important and successful business 
related feature of most if not all industries including the construction industry. In order 
to benefit from the evolution in information technology it is essential to monitor and 
document its impact on the different functions within any organisation. 
Information technology principles and their applications in estimating and tendering for 
civil engineering works have been reviewed in this chapter. Uncertainties surrounding 
the use of information technology have also been reviewed. The major conclusions 
from the discussion within this chapter may be summarised as follows: 
The last decade has seen significant developments in IT and their adoption 
within the estimating and tendering process. 
The next decade will see continued developments in IT and these developments 
will result in future developments of computer aided estimating systems. 
The most unportant developments with respect to computer aided estimating 
systems will be: improved user interfaces, integrated systems, user configurable 
systems, and knowledge based systems. 
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The most important IT developments within the domain of estimating and 
tendering will be: electronic data interchange, office automation and expert 
systems. 
Over the last decade computer aided estimating systems have been developed to 
meet the original requirements of civil engineering estimators. The introduction 
of new aspects of information technology into the estimating and tendering 
process require consideration of the decision making processes and expertise of 
the estimator if the full potential of computer aided estimating systems within 
the estimating and tendering process is to be realised. 
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4.0 INTRODUCTION 
Estimating and tendering is the lifeblood of construction (American Society of Civil 
Engineers 1966)ý The use of computers has introduced new dimensions to the 
estimating and tendering function. It is necessary to establish the nature of tasks 
involved in the estimating and tendering function so that a better assessement may be 
made of how available computer estimating systems can aid the estimator. 
Most medium civil engineering contracting organisations use computers to process their 
payroll and accounts. Until the 1980s few organisations had seriously considered the 
use of computer aided estimating. During the last decade the proliferation of computer 
aided estimating packages on the market, together with the reduction in real monetary 
terms of computer processing power, has presented civil engineering estimators with 
the opportunity to adopt computer aided estimating techniques. Throughout this period 
the debate on the use of computers within the estimating and tendering process has 
continued. Whilst enthusiastic converts and systems suppliers advocate the advantages 
of computers, others doubt whether systems will ever be developed that will meet the 
demands of the estimators. 
Against this background a decision was taken to fully survey all the members of the 
Federation of Civil Engineering Contractors to discover the key elements within the 
tasks performed by the estimator and how well the pre, sent generation of computer 
aided estimatipg sy§tems met these tasks. The intention of the survey was to provide 
contractors and other interested parties; public; private; academic; and software 
suppliers with better information about the nature of estimators' tasks and computer 
aided estimating systems. 
This chapter describes in detail the objectives of the survey, its administration and 
results, and concludes with the main findings of the survey results. 
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4.1 OBJECTIVES OF THE SURVEY 
The survey had the foHowing specific objectives: 
(a) to identify the criticýaLtasks within the estimating and tendering process; 
to examine the issue of estimator' s expertise and judgement for each task within 
the process; 
(c) to establish how estimators perceive-existing computer ai'ded-cstimating-sy-stepI s_ 
meet the needs of their tasks; 
(d) to obtain information relating to the problems of co mputer. aideýd-g5t* in ma" 
users and to gather their opinions-, and-Attitqdes; and 
00 1 
(e) to locate estimators who may be potential subjects for further evaluations such 
as investigating the nature of estimator's expertise. 
The next section describes the different survey methods and the reasons for using the 
mailed questionnaire technique. 
4.2 SURVEY METHODS 
Mailed questionnaires and interviews are methods of data collection which are widely 
used in survey investigations (Babbie 1973). 
In this survey, the interview technique is of limited use. The obvious limitation is that 
information is required from a large number of individuals who are spread over a large 
geographical area making interviewing impracticable. Questionnaires are an obvious 
method of fact finding when gathering information for considering a computer 
application (Benyon 1990), however, they should only be used with a great care, and 
in the right circumstances. 
The main reasons for using the mailed questionnaire method were: 
(a) there are many potential data providers and therefore the size of sample was too 
large for individual interviews; 
(b) information was required from widely scattered sites throughout the U. K.; 
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(c) preliminary data was required which will form the basis for follow-up 
interviews; 
(d) only a limited amount of information was required, mostly by the yes/no type; 
and 
(e) information was required quickly. 
More detailed information on the different methods of data collection, their advantages 
and disadvantages is given in widely published literature such as (Berelsen 1965) and 
(Frieling et al. 1985). 
The next section provides a brief description of the methodology adopted for 
adminstrating the survey. 
4.3 THE ADMINISTRATION OF THE SURVEY 
4.3.1 Sample Population 
In this survey the sample of civil engineering companies to be targeted was selected by 
using the list of members of the Federation of Civil Engineering Contractors, (FCEC), 
whose member companies together undertake some 95% of the civil engineering work 
carried out in England, Scotland and Wales (FCEC 1989). The questionnaire was 
forwarded to the 350 members of the FCEC whose total annual volume of work 
amounts to some four billion pounds (FCEC 1989). 
4.3.2 Designing The Questionnaire 
The design of questionnaires is a specialised field and the researcher should always 
approach the subject with some caution. The overall design will depend on the 
information that the researcher needs to collect, the objectives of the questionnaire and 
how the questionnaire is expected to achieve these objectives. 
The literature on questionnaire design reveals a large body of information as to how to 
ask questions. Bryman (1989) recommended the following: 
(a) Questions should be clear and unambigious. 
(b) Wherever possible simple language should be used so that respondents can 
comprehend questions. 
(c) Questions were recommended to be short. 
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(d) 'Double-barefled' questions, in which the respondent is asked about two 
things in one question, should be avoided, since it can be confusing to both 
respondent and researcher. 
(e) Questions should not contain negatives since they can be readily misinterpreted. 
The questionnaire was designed using the best principles of questionnaire design 
(Lockhart 1984) and (Sudman et al. 1982). The following approach was followed to 
ensure a reasonable response rate to this survey: 
(a) Encourage the respondent by: 
showing positive regard and appreciation; 
expressing interest in knowing the respondents' opinion; and 
trying to capture the respondent! s interest in this research. 
(b) Reduce time and effort of the respondent by: 
making the task appear brief; 
reducing the physical and mental effort that is required; and 
- eliminating any direct monetary cost to the respondent. 
(C) Establish trust by: 
- showing professionalism in the approach; 
- identifying the survey with a known institution; and 
- emphasising on the confidentiality of the survey. 
4.3.3 Testing The Questionnaire 
The earlier analysis stage of the design process provided the knowledge and identified 
the important issues for the questionnaire's content. The form of the questionnaire was 
tested by several co-operating estimators, their opinions discussed and adjustments 
made to the questions asked. 
The final version of the questionnaire was four pages 
long and consisted of twenty- 
three questions arranged in three sections (see 
Appendix A). The questions included 
consisted of attribute questions, belief questions and attitude questions. 
'me It attribute" 
questions were used to obtain 
information on the properties of the computer aided 
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estimating systems used by the companies. The "belief" questions requested 
information. on issues that the respondents considered true. The "attitude" questions 
were used to gather information on the features of computer aided estimating systems 
that estimators considered desirable. 
The twenty-three questions used were a combination of three types: 
Open-ended (where respondents answered in their own words in the space 
provided). 
Closed with ordered choices (where the respondent chose from a list of 
alternative answers, usually by ticIdng a box). 
Semi-closed (where the respondent can choose an answer provided or have the 
option to create his own response). 
4.3.4 Sending The Questionnaire 
The questionnaire form and a cover letter (see Appendix A) with a pre-addressed reply 
envelope were sent to the Estimating Manager/Chief Estimator of 3 50 contractors. The 
following personal tactics were used: 
(a) exact mailing date; 
real signature; and 
(c) name and address of the survey sponsor and the researcher were included. 
4.4 THE RESULTS OF THE SURVEY AND THE ANALYSIS OF THE 
DATA 
Of the 350 questionnaires issued a total of 83 questionnaires, (23.70%), were returned. 
Six of these were invalid for various reasons so a net total of 77 responses, (22%), 
were used in the survey analysis. This response rate was comparable to that obtained 
and reported by other recognised researchers in this area, for example, Tavakoli et al. 
(1989b) and CICA and KPMG Peat Marwick McLintock (1990). 
In the opinion of the author the main reasons for not receiving a higher response rate 
can be given as follows: 
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Lack of sufficient time and work pressure in the estimating department. 
The industry is very competitive and companies are cautious about giving any 
information about themselves. 
Lack of awareness of the importance of research and development in the 
industry. 
However, the total turnover of the respondent companies was E2.7 billion pounds 
representing 67.5% of the total turnover of all the FCEC's membership. 'Merefore, the 
views of the respondents may be considered to reflect those companies who estimate 
and win a major proportion of the civil engineering work awarded annually in England, 
Scotland and Wales. 
Several questions within the questionnaire required the estimator to rank issues relating 
to the tasks within the estimating and tendering process. The method of assessment 
followed the practice of previous researchers (see, for example, Ogunlana 1989) in the 
analysis of similar data. Using this method respondents are requested to rank issues 
considered by the author to be relevant to the main task. From these rankings a strength 
of feeling is obtained which indicates how important the respondent's view is compared 
with the total ranking for the issue by all the respondents. The total score calculated for 
each issue is dependent on the scale used and as such has no specific value. This score 
is used solely to rank the issues. Where issues achieve similar total scores the strength 
of feeling coefficient is used as a deciding factor in the overall order. 
In the survey issues were ranked on a scale of 1 to 10. If the issu,., scored between 7 
a joýt waixansidered to b OLhighjm ortancý. If the issue scored or less it y--u 1ý idg 
------- 
e- n2oj-e 
considered to be of LQ-W iMortance. Examples of the relevant calculations are shown 
beneath the tables within the text. 
When the results of the questionnaire were analysed the data were reviewed for three 
c4teýgories of comp any: medium and- large. This was to identify if the data for 
each of these categories indicated any particular bias which may be relevant to the size 
of the organisation. No such bias was evident. Therefore, within this chapter, the 
results in some Tables show the results sub-divided into the three categories of 
company. In other Tables, for the purpose of brevity, the results are combined to show 
the overall results for all the respondents irrespective of the size of their organisation. 
The questionnaire was divided into three major sections; general information about the 
respondents; estimator's critical tasks; and computer aided estimating systems. The 
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questionnaire responses are summarised in a tabulated or graphic form and discussed in 
the following sections. The number of respondents to each question is given in order to 
verify the accuracy of the results presented. 
, \. 
/4.4.1 
General Information About The Respondents 
The first section of the survey aimed to collect information about each responding 
company. Questions were asked related to the annual volume of work, the number of 
tenders prepared each year, the average success rate in submitted tenders, the number 
of estimators employed, whether they use computer aided estimating systems (see 
section 4.4.3) and the important issues in the estimating and tendering process. 
From the first section of the questionnaire the companies were divided into small, 
medium and large sizes by consideration of the annual turnover. Companies with a 
turnover of less than E5 million annual turnover were categorised as small. Companies 
with a turnover of greater than f 50 million were categorised as large. The remaining 
companies were categorised as medium. The profile of the respondents is summarised 
in Figure 4.1. 
27.9 
YO 
Small 
Medium 
Large 
48.05% 
Figure 4.1. A profile of the respondents. 
Due to the highly competitive nature of the industry most contractors prepare a 
substantial number of tenders each year to ensure the required workload to satisfy their 
blueprint budgets. The contractors were asked about the number of tenders they prepare 
each year. The results show a wider range of tenders prepared 
from 15 tenders to 
800+. Table 4.1 presents a summary of the responses analysed by the three categories 
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of contractors. A high percentage of all contractors prepare a number of tenders lying 
between 15-200. The table is self explanatory for the analysis of each category. To 
process that number of tenders with a realistic chance of success there is a need of an 
efficient estimating department. It would also appear that in these types of 
organisations, computer systems may be of assistance to estimators. 
i 
Table 4.1. How many tenders do you prepare each year? 
Response 
Analysis 
Small 
by Annual 
Medium 
Volume 
Large Total 
15-200 11(58%) 15(40%) 13(62%) 39(51%) 
200-400 39(16%) 10(27%) 5 (24%) 18(23%) 
400-600 4 (21%) 4 (11%) 2 (9%) 10(13%) 
600-800 0 (0%) 4 (11%) 0 (0%) 4 (5%) 
800+ 1 (5%) 4 (11%) 1 (5%) 6 (8%) 
Total 19(100%) 37(100%) 21(100%) 77(100%) 
There are many factors that affect the success rate of a contractor in the tenders 
submitted, such as market and economic environment, number of bidders and the 
contractor's general estimating and tendering policy. The results given in Table 4.2 
shows that on average about 15% of the tenders submitted by a contractor maybe 
successful. This percentage is almost the same throughout the different size categories 
of the industry, which indicates a very competitive environment, may be due to the fact 
of the large number of companies and the easy to enter into the industry. This low rate 
of success shows the reason behind the high number of tenders prepared each year. 
Table 4.2. What is your average success rate in the tenders submitted? 
Response 
Average success rate 
Analysis by Annual Volume 
Small Medium Large 
15% 16% 15% 
Total 
15% 
To establish the average size of a contractor's estimating department the contractors 
were asked about the numbers of estimators they employ. 
Table 4.3 shows that the 
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majority of small contractors (89%) employ a maximum of two estimators, even some 
of them employ estimators on a part-time basis, also in very small contractors the 
company directors usually perform the estimating function by themselves, whereas for 
medium size contractors the number of estimators employed range from an average of 2 
estimators (43%) to around 5 estimators (30%). A high percentage of large contractors 
(48%) employ a number of estimators in the range of 6-10. We can conclude that the 
workload and time pressure on estimators are very high especially in small size 
contractors, taken into consideration the high number of tenders prepared each year. 
Table 4.3. How many estimators does your company employ? 
Response 
Analysis 
Small 
by Annual 
Medium 
Volume 
Large Total 
0-2 17(89%) 16(43%) 0 (0%) 33(43%) 
3-5 2 (11%) 11(30%) 5 (24%) 18(23%) 
6-10 0 (0%) 9 (24%) 10(48%) 19(25%) 
11-15 0 (0%) 1 (3%) 4 (19%) 5 (6%) 
15+ 0 (0%) 0 (0%) 2 (9%) 2 (3%) 
Total 19(100%) 37(100%) 21(100%) 77(100%) 
The importance of the civil engineering estimator's experience and expertise was 
/ urate and reliable acknowledged as an important part in the production of an acc 
estimate. Estimating and tendering for civil engineering works is an experience-based 
activity, the performance of which is very dependent on the estimator's expertise, 
personal skills and attributes. This issue was confirmed by the respondents of the 
survey when asked to rank the most important issues in the process. The results are 
summarised in Tables 4.4-4.6. The figures in Table 4.4 were derived from the 
summation of the respondents score for each issue. A sample calculation is presented as 
a footnote to Table 4.4. 
I engineering Oneresult from this initial study shows the importance of expertise in civi 
estimating. The total score for the issue is 726 and its strength of 
feeling coefficient 
clearly demonstrates thehigh importance of this issue. The second most 
highly rated 
issue is appropriate estimating procedures, which may be basically 
due to the existence 
of different estimating techniques and the absence of a generally accepted estimating 
and tendering principles such as for those of general accounting practice. 
Whilst the 
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issue concerning information about the market environment is rated the third most 
important issue. 
Table 4.4. Total score of importance ranking. 
Issues 
Analysis 
Small 
by Annual 
Medium 
Volume 
Large Total 
Estimator's experience 
and expertise 177** 350 199 726 
Information about 
the market environment 106 256 128 490 
Appropriate estimating 
procedures 120 250 143 513 
Others* 42 75 33 150 
Total 445 931 503 1879 
* Such as current workload, company turnover, construction methods, subcontractors, 
material suppliers and quality of documents. 
** Sample calculations: The total score provided by the respondents (small) for the 
"Estimator's experience and expertise" issue = 
10 +9+ 10 + 10 + 10 + 10 + 10 +9+9+ 10 + 10 + 10 + 10 + 10 + 10 + 10 + 10 + 
10 = 177 
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Table 4.5. Strength of feelings about issues in estimating and tendering. * 
Analysis by Annual Volume 
Issues Small Medium Large Total 
Estimator's experience 
and expertise 0.40 0.38 0.40 1.18 
Information about 
the market environment 0.24 0.27 0.25 0.76 
Appropriate estimating 
procedures 0.27 0.27 0.28 0.82 
Others 0.09 0.08 0.08 0.24 
* Strength of feeling is calculated for each size category using the equation (Ogunlana 
1989): 
Coefficient of Strength of Feelings Score for an issue 
Total score for all issues 
For example: Coefficient of Strength of Feeling for "Estimator's experience and 
expertise" issue by medium sized contractors = 350 = 0.38 
931 
Table 4.6. Overall importance ranking & strength of feelings. 
Issues Total Score* Strength of Feelings* 
Estimator's experience 
and expertise 726 1.18 
Information about 
the market environment 513 0.82 
Appropriate estimating 
procedures 490 0.76 
Others 150 0.24 
* Statistics on total score & strength of feelings are: 
Mean 470 (0.75) Standard Deviation 238 (0.39) 
Range 576 (0.94) Median 500 (0.79) CV% 51 (52) 
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j 4.4.2 Estimators' Critical Tasks 
The second section of the survey concerned the fourteen main tasks within the 
estimating and tendering process as identified in Chapter 2. This included four 
questions regarding rating the importance of each task within the process; the 
importance of the arithmetic operations in the performance of these tasks; the use of the 
estimator's expertise and experience for these tasks; and whether existing computer 
aided estimating systems assist the estimator in these tasks (see section 4.4.3). 
From the results the tasks were ranked in order of their importance according to their 
overall importance score and the coefficient of strength of feeling. The ranking is 
shown in Table 4.7. The high importance of the assessment of an estimate and 
calculation- -. of adjustments task usually performed- in- cooperation with senior 
management was highlighted in this survey. The total score for the task is 636 with the 
highest strength of feeling coefficient (0.27). Calculation of labour and plant costs also 
received a very high score from it being consistently highly rated (scores 8-10) by the 
respondents. 
The third most highly rated task is allowances for risk and profit. The fourth highly 
rated task was construction methods and programme. The tasks calculating site 
overheads, selection of sub-contractors, analysis of resources, materials enquires, 
decision to tender and conditions of contract evaluation received moderate ratings and a 
fairly strong feelings of the respondents for these tasks seem to justify their importance 
in the process. 
Low ratings were given to four tasks: tender preparation programme, cash 
flow, 
writing up the bill for submission and preliminary project study. 
The low rating for 
cash flow task is fairly predictable as not many contractors realise the 
importance of 
pre-tender-cash flow forecasting (Harris et al. 1989). 
It is interesting to note that 
writing up the bill for submission task was awarded more rating 
than preliminary 
project study task which shows that not too many contractors perform 
preliminary 
project study and they give more time and effort to produce a well presented 
tender. 
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/Table 4.7. The most important tasks within estimating and tendering process. 
Estimator's Tasks 
Assessment of the estimate and 
evaluation of adjustments 
Calculating labour and plant 
costs 
Allowances for risk and profit 
Construction methods and 
programme 
Calculating site overheads 
Selection of sub-contractors 
Analysis of resources 
Materials enquiries 
Decision to tender 
Conditions of contract evaluation 
Tender preparation programme 
Cash flow 
Writing up the bill for 
submission 
Preliminary project study 
Total Scorea Total Strength of Feelingsb 
636* 0.27** 
629 0.27 
614 0.26 
593 0.25 
566 0.25 
558 0.23 
549 0.23 
545 0.23 
545 0.21 
470 0.21 
395 0.16 
367 0.15 
343 0.14 
323 0.13 
a, b Statistics on total score and strength of feelings: 
Mean 590 (0.214) Standard Deviation 109.29 (0.049) 
Range 313 (0.14) Median 547 (0.23) CV% 21.45 (22.98) 
*Total score (636) = 146 (small) + 319 (medium) + 171 (large) 
"Strength of feeling coefficient = 146 + 319 + 171 = 0.27 
1546 3709 1878 
Where the denominator represents the total size score for all the tasks. 
The contractors were asked to rate the importance of arithmetic operations in 
_4*. 
shows the tasks with the importance of the arithmetic performing their tasks. 
fable , 
operation indicated. The results points out that arithmetic operations are highly involved 
in only one task; calculating labour and plant costs, and moderately involved in four 
other tasks; analysis of resources; calculating site overheads; cash flow; and assessment 
of the estimate and evaluation of adjustments. 
ýý It is interesting to note that more companies have realised the importance of materials 
management and the need to apply more judgement and expertise in selecting suppliers 
rather than simply perform simple arithmetic comparisons between quotations. Also 
due to the change in the structure of the construction industry and the increase of use of 
subcontractors, Abdel-Razek et al. (1987) concluded that prequalification of 
subcontractors has become a more experienced- based task than 
just selecting the lowest 
offer. 
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Table 4.8. The importance of the arithmetic operations. 
Analysis of Responses* 
Estimator's Tasks Low Importancea 
Decision to tender 70(91%) 
Tender preparation programme 67(87%) 
Preliminary project study 55(71%) 
Materials enquiries 54(70%) 
Selection of sub-contractors 47(61%) 
Construction methods and 
programme 55(71%) 
Conditions of contract evaluation 67(87%) 
Calculating labour and plant 
costs 14(18%) 
Analysis of resources 33(43%) 
Calculating site overheads 33(43%) 
Cash flow 35(45%) 
Assessment of the estimate and 
evaluation of adjustments 35(45%) 
Allowances for risk and profit 44(57%) 
Writing up the bill for 
submission 24(31%) 
High Importanceb 
2 (3%) 
5 (7%) 
18(23%) 
18(23%) 
15(19%) 
17(22%) 
5 (7%) 
59(77%) 
39(51%) 
39(51%) 
37(48%) 
37(48%) 
28(36%) 
48(62%) 
* The sample size is 77. The numbers represent the number and percentage of 
responses. 
a Includes point scales from: 1-6 
b Includes point scales from: 7-10 
ý'An important aim of this survey was to examine the importance of expertise within the 
estimating and tendering process. The contractors were asked to rate the 
importance of 
expertise for each task within the process. Table 4.9 shows the tasks with the 
importance of expertise added. The results confirm that estimating and tendering 
for 
civil engineering works is a highly experienced-based activity and the use of estimator's 
expertise and judgement is unavoidable and desirable even 
for the tasks which have a 
high percentage of arithmetic operations. 
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i" Table 4.9. The importance of estimator's expertise. 
Analysis of Responses* 
Estimator's Tasks Low Importancea High Importanceb 
Decision to tender 17(22%) 52(68%) 
Tender preparation programme 26(34%) 44(57%) 
Preliminary project study 30(39%) 39(51%) 
Materials enquiries 32(42%) 40(52%) 
Selection of sub-contractors 21(27%) 50(65%) 
Construction methods and 
programme 8 (10%) 64(83%) 
Conditions of contract evaluation 19(25%) 53(69%) 
Calculating labour and plant 
costs 20(26%) 53(69%) 
Analysis of resources 26(34%) 46(60%) 
Calculating site overheads, 18(23%) 44(57%) 
Cash flow 51(66%) 20(26%) 
Assessment of the estimate and 
evaluation of ad ustments 16(21%) 56(73%) 
Allowances for risk and profit 10(13%) 62(81%) 
Writing up the bill for 
submission 55(72%) 14(18%) 
* The sample size is 77. The numbers represent the number and percentage of 
responses. 
a Includes point scales from: 1-6 
b Includes point scales from: 7-10 
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ý-/ 4.4.3 The Use Of Computer Aided Estimating 
The third section of the survey concerned the current use of computer aided estimating 
systems (CAE). Some 56% of the respondents were currently using some form of 
computer aided estimating system. The results analysed by size of company are shown 
in Figure 4.2. The results indicates that even though CAE systems continue to attract 
attention, companies have been slow to take-up systems currently available. 
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Figure 4.2. Do you use a CAE system? 
Yes 
Nb 
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Those contractors who are not using CAE were asked to give a brief explanation why 
they are not using them. Their answers centred on the following reasons: 
High costs involved; especially to small contractors. 
Lack of knowledge and experience about using computers. 
Existing systems are building orientated. 
Time taken to input initial information; no time savings. 
No such system that can cope with the wide variety of civil engineering tenders. 
Requires additional staff; no manpower savings. 
Reliability of the systems; still they need to perform manual checking 
procedures. 
Existing systems does not fbHow the human estimator's thought process. 
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Small Medium Large Total 
Where a company had implemented a CAE system, no attempt was made within the 
questionnaire to evaluate the extent of use of the system within the company. This the 
author considered an issue that could not be easily investigated within the format of a 
questionnaire. However, in the in-depth interviews (see section 4.6) that were 
undertaken by the author with the chief estimators of eight companies who responded 
to the questionnaire this issue was raised with the estimator and discussed in detail. 
These interviews showed that the impact of computer aided estimating upon different 
organisations varied considerably. The implementation of the system had seldom been 
without difficulties. Several companies were currently using their second or third 
estimating system. Companies who had persisted with their systems had realised real 
benefits to their organisations. These benefits however were not always the same as 
those that had been originally anticipated. Estimators who had been given time to adjust 
to the use of computer aided based systems were in general reluctant to return to manual 
methods. Most estimators were willing to use the computer based systems that had 
been introduced although in some instances the type of project and the tender period 
allowed precluded their use. 
The contractors were asked about their views concerning the suitability of CAE systems 
to their tasks. The results of the survey indicates that existing CAE systems have, in the 
main, failed to assist the estimators in an effective way to improve their performance 
with the exception of two basic tasks: calculating labour and plant costs; and the 
analysis of resources requirements (see Table 4.10). 
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Yable 4.10. Do you consider that existing CAE systems assist you in these tasks? 
Analysis of Responses* 
Estimator's Tasks Yes No 
Decision to tender 0 (0%) 69(90%) 
Tender preparation programme 9 (12%) 61(79%) 
Preliminary project study 29(38%) 41(53%) 
Materials enquiries 34(44%) 36(47%) 
Selection of sub-contractors 21(27%) 49(64%) 
Construction methods and 
programme 22(27%) 48(62%) 
Conditions of contract evaluation 0 (0%) 70(91%) 
Calculating labour and plant 
costs 61(79%) 10(13%) 
Analysis of resources 53(69%) 17(22%) 
Calculating site overheads 39(51%) 31(40%) 
Cash flow 44(57%) 26(34%) 
Assessment of the estimate and 
evaluation of adjustments 44(57%) 26(34%) 
Allowances for risk and profit 21(27%) 49(64%) 
Writing up the bill for 
submission 35(45%) 35(45%) 
* The sample size is 77. The numbers represent the number and percentage of 
responses. 
In the third section of the survey those contractors who were using computer aided 
estimating systems were asked to comment on factors relating to their systems' features 
and performance. This included thirteen questions regarding hardware used, software, 
learning time, proportion of staff time working with the system, different aspects of the 
system's performance, use of CAE in meeting estimators' time scales, decision 
making, handling uncertainty, desired modifications, software suppliers customer 
support and their overall impression of the services offered by existing CAE systems. 
Their responses are summarised below as follows: 
With respect to the type of hardware used for CAE (see Table 4.11), 
63% used 
microcomputers, 23% used minicomputers and 14% used mainframes. 
As 
would be expected smaller companies used only microcomputers. 
Mainframe 
computers were used exclusively by larger companies. 
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Table 4.11. Which type of hardware do you use for your CAE system? 
Analysis by Annual Volume 
JResponse Small Medium Large Total 
Nficro 3(100%) 17(74%) 7 (41%) 27(63%) 
Mini 0(0%) 5 (22%) 5 (29.5%) 10(23%) 
Mainfi-ame 0(0%) 1 (4%) 5 (29.5%) 6 (14%) 
Total 3(100%) 23(100%) 17(100%) 43(100%) 
2. 
_,, 
/ Table 4.12 shows that standard application packages were used by 62% of the 
companies. This left 38% using some form of bespoke system. ('111is figure 
was higher than expected). The majority of those using bespoke systems are 
medium and large companies who can afford their development costs. 
Table 4.12. Which CAE system are you currently working with? 
Analysis by Annual Volume 
Response Small Mediuma Large Total 
Standard Packages 2(67%) 16(64%) 10(59%) 28 (62%) 
Specially Designed 1(33%) 9 (36%) 7 (41%) 17 (38%) 
Total 3(100%) 25(100%) 17(100%) 45 (100%) 
a Some respondents gave more than one response 
3 -/ Computer aided estimating systems are operated 
by people. System designers 
must therefore recognise and deal with the human factors issues in their design. 
One of these factors is how easy it is to learn to use the system. The contractors 
were asked to identify the time spent by the estimating department staff to 
learn the systems used. A total of 30% of the respondents took more than six 
months to learn the system once it had been introduced into the company. (For 
smaller companies this figure rose to 67% probably indicating the time available 
for learning the system). Table 4.13 presents the responses analysed by size of 
company. These results show that existing systems have a long learning curve 
and systemýdgsigners must take into consideration the needs, capabilities and 
characteristics of the future users. 
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Table 4.13. How long did it take you to learn your system? 
Analysis by Annual Volume 
Response Small Medium Large Total 
Less than one montha 1(33%) 8 (33%) 3 (18%) 12(28%) 
Between 1-3 months 0(0%) 5 (19%) 5 (29%) 10(23%) 
Between 4-6 months 0(0%) 4 (19%) 4 (24%) 8 (19%) 
More than 6 months 2(67%) 6 (29%) 5 (29%) 13(30%) 
Total 3(100%) 23(100%) 17(100%) 43(100%) 
a One estimator wrote the package himself. 
4. CAE system designers should take into consideration the category of people 
using their systems, i. e. the systems must be flexible enough to support the 
needs of each category of users. This survey provides a guideline of the 
amount of time spent by each of the estimating staff category; clerk; estimator; 
manager; and computer specialist to use the system (see Figure 4.3). 
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Figure 4.3. What proportion of your staff time is spent working with the 
system? 
The majority of managers within an estimating department, (70%), only used 
the system for 10% of their time. With respect to estimators' time: 
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Clerk Estimator Manager Computer Specialist 
67% of estimators in small companies spent 10% or less of their time; 
while the remaining 33% spent between 26-50% of their time; and none 
of the respondents indicated that they spent working time within the 
other categories. 
40% of estimators in medium sized companies spent between 51-75% 
of their time; 17 % of estimators over 75% and another 17 % of 
estimators between 26-50%; the remaining 26% estimators spent less 
than 25% of their time on using the system. 
47% of estimators in larger sized companies spent between 51-75% of 
their time; another 29% of estimators spent between 26-50%; followed 
by 12% in the range of 11-25% and 6% of under 10%. 
5. The contractors were asked to indicate the extent to which they are content with 
the performance aspects of their systems. An abstract from the results is 
presented in Figure 4.4. A brief summary is given below: 
Compatibility of CAE systems with other IT systems is an important 
aspect to consider during planning and implementation of an overall IT 
strategy for a construction company. More than half of the companies 
(5 1 %) were dissatisfied with the compatibility of their systems. ý3 % 
were very dissatisfied, 28% dissatisfied) This view was consistent 
throughout the cross section of the survey sample. It appears that CAE 
system's designers should consider better integration of their systems 
with other technical applications such as project management, buying 
and ordering and valuations. 
Producing an accurate estimate using computers is of paramount 
importance. All indications point out that contractors are content with the 
accuracy of their systems. A total of 79% of respondents were satisfied 
with the issue of accuracy; 19% were dissatisfied; and 2% with no 
view. 
The main advantage of computers is the speedy processing of data. 
However, the survey shows that only 56% of the respondents were 
content with the speed (16% very satisfied, 40% satisfied). The other 
44% were dissatisfied. This view was shared by the three size groups of 
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contractors, especially within the small contractors group, which may 
be due to small contractors using low-tec software. Existing CAE 
systems need an improvement in their speed. 
(iv) Flexibility is necessary in a properly implemented IT system. O'Brien 
(1989) has stated that this demand for flexibility stems from three 
fundamental demands that an estimating system must meet. First an 
estimating system must be capable of being integrated into a larger 
system that will support all the business functions of a construction 
enterprise. Second, any estimating system must be capable of changing 
its own internal mechanisms to match the requirements demanded by 
an individual estimator. Third, an IT system must allow new and more 
efficient methods of working to be developed through the use of the 
underlying database and the efficient retrieval systems which are built 
in. 
More than half the companies (54%) were dissatisfied with the 
flexibility of their systems. 12% were very dissatisfied, 42% 
dissatisfied. This view extended across small, medium and large 
organisations. There is a need for software suppliers to produce 
systems which effectively meet the needs of estimators. 
(V) The use of common estimating vocabulary and dialogue flexibility for 
estimator's needs is an important aspect of successful IT systems. The 
contractors were asked about their level of contentment with respect to 
the understandability of their systems. Although a much higher 
percentage of respondents (68%) were content ( 12% were very 
satisfied, 5 6% satisfied), there still another (3 1 %) of respondents were 
unhappy with the terms and dialogue used by existing systems. 
Computer systems have to be designed to be operated in a way which 
enables users to operate them easily. The contractors were asked about 
the 'user friendly' aspect of their systems. A total of 61 % of 
respondents were satisfied (12% were very satisfied, 49% satisfied). 
Whilst another 37% of the respondents were dissatisfied (16% were 
very dissatisfied, 21 % dissatisfied). The aspect of 'user friendly' 
systems need to be taken into consideration for more improvements by 
CAE system's vendors. 
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(vii) The single most important feature of a system to its users is that it 
should provide a way of serving the user's task needs. The contractors 
were asked about the functionality of their systems. A total of 61% of 
the companies are satisfied with the functionality provided within their 
systems (16% were very dissatisfied, 19% dissatisfied). Discontent was 
highest amongst smaller contractors organisations. 
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Figure 4.4. Overall distribution of CAE systems' aspects extent of contentment. 
6. One of the main reasons for contractors to use CAE systems is to speed up the 
process of preparing an estimate, especially with the high number of jobs 
tendered for. The contractors were asked whether they consider their CAE 
system's operation is fast enough to meet their timescales. A total of 46.5% of 
respondents considered the systems fast enough to meet the time constraints of 
the tender period. Another 46.5% of respondents considered the systems to be 
too slow, the remainder had no view. A higher percentage of estimators from 
the larger organisations were dissatisfied with the performance of their systems, 
probably due to the greater use of mainframe computers (see Table 4.14). 
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Table 4.14. Is your CAE system operation fast enough to meet the estimators' 
timescales? 
Analysis by Annual Volume 
Response Small Medium Large Total 
Yes 2(67%) 12(52%) 6 (35%) 20(46.5%) 
No 1(33%) 9 (39%) 10(59%) 20(46.5%) 
No View 0(0%) 2 (9%) 1 (6%) 3 (7%) 
Total 3(100%) 23(100%) 17(100%) 43(100%) 
7 The estimator needs to make informed decisions in all phases of the estimating 
and tendering process. A decision is initially required that a job is even worthy 
of attention! As Table 4.15 shows, a total of 42% of the companies indicated 
that they did not consider the existing CAE systems assisted with their decision 
making. The majority of these replies were from small and large organisations. 
Table 4.15. Do you think that your CAE system has helped you in the decision making 
process within estimating and tendering? 
Analysis by Annual Volume 
Response Small Medium Large Total 
Yes 1(33%) 16(69%) 6 (35%) 23 (QfD) 
s) No 2(67%) 5 (22%) 11(65%) 18 (jZO/ 
No View 0(0%) 2 (9%) 0 (0%) 2 (5%) 
Total 3(100%) 23(100%) 17(100%) 43(100%) 
8. Estimating and tendering for civil engineering works by its nature is 
characterised by incomplete data, risks and uncertainty. The contractors were 
asked whether existing CAE systems work satisfactorily with incomplete data 
and does it handle uncertainty. Table 4.16 shows that 61% of the responding 
companies indicated that existing systems do not work satisfactorily with 
incomplete data or handle uncertainty. These important features need to be 
considered by system suppliers. 
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Table 4.16. Do you think that your system works satisfactorily with incomplete data? 
Does it handle uncertainty? 
Analysis by Annual Volume 
Response Small Medium Large Total 
Yes 0(0%) 3 (13%) 7 (41%) 10(23%) 
No 3(100%) 13(57%) 10(59%) 26(61%) 
No View 0(0%) 7 (30%) 0 (0%) 7 (16%) 
Total 3(100% 23(100%) 17(100%) 43(100%) 
; vj 9. Table 4.17 presents the contractors' responses regarding their views on 
modifying the system to better suit their working requirements. Only 19% of 
respondents indicated that they did not require any modification to the system. 
67% required amendments to make the systems more suitable to their tasks. 
16% responded no view to this question, probably due to the fact that they were 
in the early stages of using the system. 
The contractors were also asked to describe what areas needs improvement, 
which is mentioned in section 4.5. 
Table 4.17. Do you feel that the system could be modified better to suit your working 
requirements9 
Response 
Yes 
No 
No View 
Total 
Analysis by Annual Volume 
Small Medium Large 
3(100%) 
0(0%) 
0(0%) 
3000%) 
13(56%) 
5 (22%) 
5 (22%) 
23(100%) 
13(76%) 
3 (%) 
1 (%) 
17(100%) 
Total 
29(67%) 
8 (19%) 
6 (14%) 
43(100%) 
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10. To assess the level of service provided by software vendors to the industry, the 
contractors were asked about the opportunities they have to make suggestions to 
improve the system. 77% of the users had the opportunity to make suggestions 
for improvements to their systems (see Table 4.18). Of these respondents, 35% 
indicated that system suppliers rarely made any response to their suggestions, 
12% indicated that software suppliers "never" acted upon contractor's 
suggestions (see Table 4.19). The results indicate that customer support and 
after sales service provided by CAE systems suppliers is inefficient and 
emphasise the need to formulate user groups within the industry to 
share collective knowledge and experience, and to help shape the evolution of 
acceptable systems that can meet the estimators' requiremements. 
Table 4.18. Do you have the opportunity to make suggestions to improve the system? 
Analysis by Annual Volume 
Response Small Medium Large Total 
Yes 3(100%) 16(70%) 14(92%) 33(77%) 
No 0(0%) 6 (26%) 3 (18%) 9 (21%) 
No View 0(0%) 1 (4%) 0 (0%) 1 (2%) 
Total 3(100%) 23(100%) 17(100%) 43(100%) 
Table 4.19. If 'Yes' how often are these suggestions acted upon by the software 
supplier? 
Response 
AnalYs's 
Small 
by Annual 
Medium 
Volume 
Large Total 
Never 1(33%) 1 (5%) 3 (18%) 5 (12%) 
Rarely 1(33%) 7 (30%) 7 (41%) 15(35%) 
Often 0(0%) 6 (26%) 2 (12%) 8 (19%) 
Most of the time 1(33%) 7 (30%) 5 (29%) 
13(30%) 
No Response 0(0%) 2 (9%) 0 (0%) 2 (4%) 
Total 3(100%) 23(100%) 17(100%) 43(100%) 
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Finally the contractors were asked their overall impression of the services 
offered by CAE systems. Their main comments may be summarised as follows: 
- -4 
It is unreasonable to expect an estimator to learn an additional science 
together with its associated jargon merely to enable him to have his 
arithmetic done more quickly than is possible with an electronic 
calculator. 
The estimator will have to make the same decisions as before, but will 
be expected to make them sooner to facilitate the additional step of 
feeding them into the computer. 
J 
If the information is to be fed to the computer by non technical 
personnel, then a mistake may be made, and processed in the normal 
way. It is unlikely that the estimator will notice the mistake. 
-/ It is costly to buy a comprehensive system which fully satisfies the 
estimator's requirements. 
-/ 
There is a very long learning curve for both existing and additional staff 
who need to be recruited. 
Most existing systems are not easily integrated within an overall 
information technology strategy, especially for large contractors, mainly 
because existing CAE can be considered as standalone applications. 
llý 
CAE systems software suppliers are not interested in after sales service. 
Need to improve speed, ease of use, user friendliness and flexibility 
whilst maintaining accuracy and quality of output. 
These comments are predictable criticisms of computer aided estimating systems. These 
criticis s fall into two categories: 
(i) 
7Those 
that are commonly raised with respect to any computer system, e. g. need 
to improve speed, ease of use, user friendliness, etc. 
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(ii) Those directly related to the use of computers within the estimating and 
tendering process. 
Analysis of these two categories produces the following comments: 
(a) It is an inevitable fact of system development that users are seldom satisfied 
with performance and continually seek improvements. 
(b) Some of the criticisms related to the use of computer aided estimating systems 
/are the same as were identified at the start of the last decade (Baldwin 1982). 
Therefore, system developers have either failed to provide computer aided 
estimating systems that meet estimators requirements or estimators fears in 
adopting computer aided estimating systems continue to predominate. 
(c) Only if systems produce real benefits to the estimator are they likely to be 
accepted. 
4.5 MAIN FINDINGS OF THE SURVEY 
The previous section presented the results of the survey together with a discussion of 
theseresults. It provides detailed information about the nature of estimator's tasks and 
the use of computers in the estimating and tendering process. In this section general 
issues about the results are discussed. 
C/The results have produced three main findings. Firstly, estimators' experience and 
expertise plays an important part in the production of an estimate and tender for civil 
engineering works; and existing computer aided estimating systems do not provide the 
estimator with full facilities to exercise their expertise. Secondly, current available 
computer aided estimating systems have failed to completely meet the needs of civil 
engineering estimators. The literature indicates that very little research work has been 
conducted on the expertise of civil engineering estimators. The recognition that a better 
understanding of their expertise needs to be obtained before more acceptable systems 
may be designed led to the search for research techniques that can assist in studying the 
decision making process of civil engineering estimators (see Chapter 6). 
-, ""Thirdly, the survey has pointed out some desired modifications in existing systems, 
such as: 
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better analysis of resources; 
a facility to provide a more logical and consistent explanation of the basis of the 
estimate; 
self checking facilities; 
good interface with supplier/sub-contractors database, other administrative and 
management functions; 
greater flexibility in data library handling; 
reduce time required to adjust database for a particular requirement; 
improve speed, ease of learning, user friendliness while maintaining accuracy 
and quality of outputs; and 
improve report facilities. 
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4.6 FOLLOW-UP WITH INDUSTRY 
A summary of the survey results was prepared and a copy was sent to all the 
respondents (see Appendix A) during May 1990 inviting them to express their views. 
This was followed by a visit to eight companies in an attempt to build upon the data 
gathered by the questionnaire and investigate the extent of use of CAE systems within 
their companies. Another eight companies were contacted by phone. In total sixteen 
estimators were interviewed. 
In addition contacts had been established with the FCEC's External Affairs Department 
(see Appendix A) to promote the results to its members, an article was presented in 
their monthly news letter and a full copy from the summary of the results was sent to all 
companies who shown their interest. 
Also, a meeting with the Construction Industry Standing Committee (CISC) was 
arranged to discuss the results with them and their comments was noted (see Appendix 
A). Finally, a refered paper was published (Oteifa et al. 1990) in a learned journal to 
distribute the results to the civil engineering industry and construction industry at large, 
and invite peer comments. 
4.7 SUMMARY 
This chapter presents the results of a survey of the members of the Federation of Civil 
Engineering Contractors about their views on estimators' tasks and computer aided 
estimating systems. The survey confirms the importance of estimators' experience and 
expertise within the estimating and tendering process. Some 56% of the survey 
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respondents currently use some form of computer aided estimating. The benefits of 
these systems are limited primarily to the arithmetic functions relating to the estimators 
tasks. The importance of expertise within the estimating and tendering process suggests 
the use of expert systems may offer a route for improving existing computer aided 
estimating systems. However, before embarking on developing such systems the need 
to investigate the nature of estimator's expertise in order to offer a crucial beginning 
insight on the learning and thinking of expert estimators was recognised. This theme 
was further developed by studying the decision making process of civil engineering 
estimators as illustrated in Chapter 6. 
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5.0 INTRODUCTION 
The estimating function in construction organisations has been the subject of continued 
research over the past decade ( Baldwin 1982, Abdel-Razek 1987, Betts 1990). The full 
benefits of adopting technology within the estimating and tendering process will never be 
realised without a better understanding of the human dimension. Whilst research into 
developing computer aided estimating systems has concentrated on the technology issues 
(e. g. Pantouvakis 1990) no detailed research relating to the people who prepare the 
estimates was found. 
Based on data collected from a study carried out by the author on civil engineering 
contractors' estimators, this chapter presents the requirements of the estimator's job in 
terms of his education, training, career and personality. The data identifies estimators' 
perceived knowledge and skills and presents a composite personality profile of the civil 
engineering estimator. 
The aim of this study is to investigate the qualifications, careers, attributes and aspects of 
the job of the civil engineering estimator. The main objective was to provide information 
for contractors to use in designing effective estimators' selection, training and career 
development procedures that could help in improving cost effectiveness in the 
construction industry. The study involved a review of the relevant literature, a 
programme of in-depth interviews, a questionnaire and the production of a self- 
assessment exercise. 
Twenty-five practising estimators were engaged in the study. They were drawn from 
those companies who responded to the computer aided estimating systems survey (see 
Chapter 4), and whom the author established a dialogue. 
The study document was developed, tested and then forwarded to the collaborating 
estimators (see Appendix B). The underlying objectives of the study document were to 
ensure a wide enough coverage of issues relevant to the research and to present the 
enquiries in the simplest possible format that would both limit its length and 
facilitate 
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easy of understanding and response by busy estimators. Accordingly the enquiries were 
systematically grouped and/or tabulated according to either similarity of subject of 
enquiry, or enquiries requiring similar formats of reponses. The thirty-seven enquiries 
contained in the study document can be classified into the following groups of 
information: 
General background. 
Past career. 
Current career. 
Career expectations and preferences. 
Attributes required by an estimator. 
Estimators' perceived knowledge levels. 
Estimators' perceived skill requirements. 
This chapter describes the study results and their analysis. The chapter is divided into 
three main sections. The first section discusses the collected information about the 
background and career development of a civil engineering estimator. The second section 
reviews literature on personality measures and reports the results of the self-assessment 
exercise performed by estimators to identify the attributes required by an individual to 
work as an estimator. The third section presents how estimators perceive the knowledge 
and skiHs required for their job. 
5.1 BACKGROUND AND CAREER DEVELOPMENT OF A CIVIL 
ENGINEERING ESTIMATOR 
5.1.1 General Background 
5.1.1.1 Educational Background 
There are wide variations in the education standards of estimators. Only 36% of the 
respondents claimed to hold a first degree. The overall position in respect of the 
possession of educational qualifications is shown in Table 5.1. Table 5.2 presents a 
breakdown of educational qualifications by age. 
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Table 5.1. Educational qualifications of estimators. 
Percentage of Respondents with: a 
ONC/OND HNC/HND First Degree Otherb 
16 52 36 12 
a Percentage is over 100, as one or more respondent obtained 
more than one diploma. 
b Includes CIOB studies/RICS training. 
Table 5.2. Educational qualifications by age. 
Percentage of Respondents with: a 
AGE ONGOND HNC/HND Fi rst Degree Otherb 
Up to 26 0 0 0 0 
26-35 20.00 20.00 40.00 20.00 
36-45 17.00 33.00 33.00 17.00 
46-55 8.30 50.00 41.70 0 
Over 55 0 50.00 0 50.00 
a Some respondents hold more than one qualification 
b Includes CIOB studies/RICS training. 
5.1.1.2 Membership Of Professional Institutions 
Table 5.3 shows that 72% of the respondents belonged to professional bodies; 52% of 
them have taken up membership of the Institution of Civil Engineers (ICE); 12% the 
Chartered Institute of Building (CIOB); and 8% of other bodies including the Royal 
Institute of Chartered Surveyors (RICS). The data indicates respondents with higher 
educational qualifications tended to have become corporate members of professional 
body. However, non-membership of a professional institution is no barrier to progress 
within the industry. In addition, analysis of data shows that age and membership are 
linked. 
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Table 5.3. Membership of professional institutions. 
Type of Institution Percentage of Respondents 
ICE 52 
CIOB 12 
Others 8 
Total 72 
5.1.1.3 Deficiency Of Degree Studies 
A high number of respondents (60%) felt that their degree studies did not prepare them 
for their subsequent careers in estimating (see Table 5.4). If educational institutions are to 
fully meet the needs of engineers who will be employed by contractors then they should 
address this problem in their courses. The survey respondents identified various 
deficiencies. Their most widely mentioned complaints were centred around the following 
issues: 
Lack of practical knowledge of durations of activities or efficient methods of 
operations. 
No emphasis on financial/commercial awareness. 
Acquiring practical experience is very important during study periods. 
Insufficient practical experience in a range of civil engineering works. 
Estimating as a subject was not covered in depth but mainly referred to. 
The course was too theoretical with little content on construction management. 
The course was very much geared towards "design" aspects of industry. 
Publications and lectures on estimating only address the "science" not the "artil. 
Table 5.4. Do you think that your degree studies, in general, adequately 
prepared you for a career as an estimator? 
Percentage of Respondents 
No No View Yes 
60 28 12 
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5.1-1.4 Objectives Of Degree Studies 
Table 5.5 presents the respondents answers to questions relating to their degree studies. 
In the estimators' opinion their degree studies are achieving their primary aim, except for 
the development of communication abilities and assisting them in understanding the 
industry. 
Table 5.5. Which objectives has been most achieved by your degee studies? 
Objective Percentage of 
Yes No 
Respondents 
No View 
Preparation for a career in civil engineering 69.60 17.40 13.00 
Development of numerical abilities 60.90 13.00 26.10 
Developemnt of communications abilities 17.40 60.90 21.70 
Development of reasoning abilities a 65.20 21.70 17.40 
Assisting you to understand the industry 30.40 56.50 21.70 
Assisting you to apply technical knowledge 100 0 0 
Assisting you to view problems critically 69.90 13 26.10 
Ability to solve problems 56.50 13 30.40 
a Total does not add to 100, as some respondents answered Yes/No for same objective. 
5.1.1.5 Postgraduate Studies 
The study indicates that some 40% of estimators have pursued further studies since 
graduation (see Table 5.6). The moderate number of estimators pursuing further studies 
may be due to a combination of factors, including the fact that a further degree is not 
necessary for career progression, and the lack of part-time provision for further studies 
made available to estimators. 
Table 5.6. Postgaduate studies. 
Percentage of Respondents 
Yes No No Response 
40 56 4 
81 
Of the 40% of respondents who pursued further studies, 40% had followed a 
postgraduate course. Another 50% studied at this level as a part of the requirements of 
membership of professional institutions and 20% attended various technical/non-technical 
short courses. (Note: the lack of precise agreement between the totals of Table 5.7 arises 
from the fact that one respondent answered more than one option). 'Me mode of studies 
(see Table 5.8) followed by estimators was either on a part-time basis (50%) or short 
courses (50%). This indicates the value of part-time educational courses when made 
available by educational institutions. 
Table 5.7. Study type. * 
Percentage of Respondents 
P. G. Course Study Req. Other 
for Prof. Inst. 
40 50 20 
Sample size = 4. 
** Various technical/non- technical courses. 
Table 5.8. Mode of study. * 
Percentage of Respondents 
Full-Time Part-Time Short Courses 
0 50 50 
* Sample size = 4. 
5.1.1.6 Perceived Education Needs 
The estimators were asked to comment on what extra subjects or emphasis upon areas of 
study would they like to see included in a current 
first degree course. Respondents 
indicated a wide range of subjects in which they perceived 
deficiency in their education 
for their present career. Most felt that they would 
like to see a greater emphasis placed 
upon computer awareness, methods of construction and planning 
techniques, commercial 
aspects, developing managerial skills and contractual procedures 
and law. One estimator 
stated that, "More emphasis is required on practical solutions 
to problems, together with 
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financial and commercial attributes". Another estimator stressed the importance of 
"Identification of the major components of a tender, and how costs are built up and 
reviewed". There is clearly a gap between education needs and education provision. This 
is an obvious area in which educational institutions should provide more support. 
5.1.2 Past Career 
5.1.2.1 Type Of First Job 
For a total of 84% of the respondents, their original career choice was in civil 
engineering. Another 16% had chosen building (see Table 5.9). Thereafter, only 12% of 
the respondents had started their career as estimators (first employment category), 
whereas the majority (88%) of the respondents chose other categories. Table 5.10 
presents the main categories in which the respondents joined once entered into 
employment. Site engineering seems the majority (50%) have joined upon graduation, 
which emphasizes the importance of site experience in future role as an estimator. 
Moreover, this coincides with estimators' first job situation preference as outdoor 
activities (see Table 5.27). 
Table 5.9. Choice of original career/first employment category. 
Percentage of Respondents 
Yes No 
Was your original career 
choice engineering 84 
16 
Was estimating your first 
career choice 12 
88 
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Table 5.10. Type of first job. a 
First Employment Category Percentage of Respondents 
Contract Management 18.20 
Design 18.20 
Quantity Surveying 9.10 
Site Engineering 50.00 
Other b 4.50 
a Sample size = 22. 
b One respondent can't remember. 
5.1.2.2 Employment History 
This section charts the progression of the civil engineering estimators' career, i. e. the 
different possible positions held by an estimator in a contractor's organization together 
with the experience gained across the main types of work according to CESMM2 
classification before transferring to the estimating function. Table 5.11 shows the 
average level of experience gained (in months) by estimators according to the main types 
of work and the possible positions to be held within a contractor's organization. 
Concreting and road pavings appear the two most important areas of civil engineering 
work in which estimators had gained site experience. 
The route to becoming a civil engineering estimator was of much interest. Table 5.12 
shows that only few (6.20%) of the respondents has worked as a student engineer. Only 
13.30% has worked as junior engineers, whereas 18.50% in the position of assistant 
engineer. The longest held position by estimators in their past career was that of a section 
engineer. This is also the position by which they spent the longest time practising before 
estimating (64.79 months). The percentage of respondents to be promoted to sub-agent 
was (15.90%) dropping from the 25% of section engineer. Fewer estimators had been 
promoted to agent (14%). Finally, very few estimators (3.55%) had worked as project 
managers in their past career. 
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Table 5.11. Average level of experience (in months) according to main types of 
work and positions held within a contractor's organization. 
Position Helda 
Main Types 1 2 3 4 5 6 7 8 Total 
of Work 
Ground 
Investigation 0.75 0.81 0.17 0.22 0.09 0.26 0 0 2.30 
Geotechnical 
Processes 0 0 0 0.34 0.15 0.51 0 0 1.00 
Demolition & 
site clearance 0.16 3.4 3.38 2.78 0.84 0.51 0.38 0 11.45 
Earthworks 0.16 3.52 3.69 7.91 1.52 1.58 1.12 0 19.50 
Concreting 0.60 4.77 5.87 9.91 2.15 4.76 1.5 2.06 31.62 
Precast 
Concrete 0.10 0.52 2.87 1.91 0.21 0.70 1.12 0.12 7.55 
Pipeworks 0.16 3.40 3.62 4.47 2.78 2.01 1.5 6.25 24.19 
S tructural 
Metal Work 0 0.75 0.94 0.97 0.52 0.57 0 1.25 5.00 
Timber 0 0.25 0.31 0.97 0.46 0.32 0 0 2.31 
Piling 0.12 0.62 1.50 6.97 1.12 1.26 0 1.25 12.84 
Road & 
Pavings 1.62 2.50 2.37 10.22 3.59 5.58 0.75 4 30.63 
Tunnels 0 0.25 1.56 0.97 0.15 0.26 0 0.12 3.31 
Brickwork 0.06 0.75 1.19 3.10 0.34 0.32 0 0 5.76 
Painting 0.06 0 0.56 1.47 0.4 0.32 0 0 2.81 
Water- 
proofing 0.06 0.25 0.31 0.59 0.15 0.26 0 0 1.62 
Sewer 
Renovation 0 0.37 0 5.09 0.09 0.26 0 5.12 10.93 
Misc. Works 0.25 0.62 0.75 6.90 0.65 3.07 2.25 0.37 14.8 
Total 4.10 22.78 29.09 64.79 15.21 22.55 8.62 20.54 186.62 
aThe positions held are as follows*: 
I= Student Engineer 5 
2= Junior Engineer 6 
3= Assistant Engineer 7 
4= Section Engineer 8 
Sub-agent 
Agent 
Project Manager 
Others: includes Quantity 
Surveyors and Designers 
* Adapted from Bailey (1986). 
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Table 5.12. Frequency of positions held prior to estimating across the main 
types of work in civil engineering. 
Positions Held Frequency Count Percentage 
Student Engineer 19 6.20 
Junior Engineer 41 13.30 
Assistant Engineer 57 18.50 
Section Engineer 77 25.00 
Sub-Agent 49 15.90 
Agent 43 14.00 
Project Manager 11 3.55 
Others * 11 3.55 
Total 308 100.00 
* Includes Quantity Surveyors and Designers. 
5.1.3 Current Job 
5.1.3.1 Length Of Service In Estimating 
Long service is one of the characteristic features of careers in the estimating function. A 
large proportion (60%) of estimators have between 11-20 years in service in estimating 
(see Table 5.13). Although the reasons for this is not fully apparent from the data 
collected this may be due to company policies on recruitement and promotion, and be 
related to the estimators' age and experience. 
Table 5.13. Length of service in estimating. 
Number of Years Percentage of Respondents 
Up to 5 4 
6-10 24 
11-20 60 
Over 26 12 
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5.1.3.2 Main Sources Of Job Satisfaction 
The respondents were asked to indicate the main sources of their job satisfaction. Those 
features of a respondent's job which are seen to provide the greatest satisfaction can be 
summarized as follows: 
Financial success on well estimated contract. 
Satisfactory completion of an analytical estimate leading to contract award, and 
a financially successful contract. 
Having a reliable competent support team. 
The organization of a tender; breaking a project down into sections for pricing 
and planning; and building up to total contract sum. 
Heading a team producing well presented estimates with a good strike rate. 
Variety of work. 
Beating a competitor by a very low margin. 
Pricing different kinds of procurement arrangements. 
5.1.3.3 Sources Of Dissatisfaction 
The "top three" causes of dissatisfaction cited by respondents were "status of estimating 
function in the company", "frustration arising from staff difficulties" and "marketing 
decisions without consideration of the estimating department situation" (see Table 5.14). 
Age also plays a significant part in this issue: the older the estimator the more likely he is 
to pinpoint status of estimating function and frustration due to staff difficulties. Analysis 
of the data also showed that estimators with a degree are less dissatisfied than their non- 
graduate coReagues. 
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Table 5.14. Sources of job dissatisfaction. 
Sources of Dissatisfaction Percentage of Respondents 
Frustration arising from staff difficulties (recruitment). 32 
Marketing decisions without consideration of the 
estimating department situation. 32 
Status of estimating function in the company. 36 
Lack of estimating experience on the board. 24 
Restriction of responsibility. 12 
Variable hours of work. 12 
Physical working conditions. 12 
Increasing government intervention and legislation. 24 
Slow use of IT products/applications. 16 
Others * 36 
Includes: poor organization of the clerical functions; jobs lost to prices well 
below market prices; diminishing tender periods; and increasing number of 
unsuitable contractors appearing on ever lengthening tender lists. 
5.1.3.4 Time Utilization 
Table 5.15 shows the activities on which respondents spend their time. The activity on 
which estimators on average spend most of their time is the preparation of an estimate 
(49%). This is followed by the activity managing an estimate (17%). Significantly, 
estimators spend less time on training and staff development (5%). 
This is important for training purposes and for system designers who should address this 
aspect in their work. 
5.1.3.5 Attitudes In Managerial And Technical Skills 
An overwhelming majority (80%) of respondents regarded that both managerial and 
technical skills are of equal importance to their job effectiveness (see Table 5.16). Only 
20% in this study regard technical skills as more important than managerial skills in 
achieving effectiveness in their job, whilst no respondent felt that the management 
component of their work was more important than the technical component. The results 
indicate that the emphasis in selection and training of estimators would be on their 
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technical skills rather than managerial aspects. Table 5.16 presents the relation between 
age of respondents to their attitude on managerial and technological skills. 
Table 5.15. How estimators spend their time? 
Activity Average Percentage of Time Spent 
Preparation of an estimate 49 
Managing of an estimate 17 
Improvements/Adjustments 11 
Liaison with other functions 11 
Public Relations/Marketing 4 
Training and staff development 5 
Others * 3 
* Includes: assessing other areas of possible work or expansion and managing 
of computerised estimating systems. 
Table 5.16. Views on importance of managerial/technological skills. 
Views on Importance of Tech n ical/Mana gerial Skills 
Technical Skills Managerial Skills Both of them of 
Respondents Age More Important More Important Equal importance 
(%) MM 
Up to 26 0 0 0 
26-35 0 0 100.00 
36-45 33.30 0 66.70 
46-55 25.00 0 75.00 
Over 55 0 0 100.00 
Total 20 0 80 
5.1.3.6 Attitudes To Salary And Other Benefits 
Although many surveys consistently show estimators salaries and benefits to be lower 
than those in other functions, 64% of the respondents regard their salaries and other 
benefits as equitable compared with those apparently equivalent jobs in other functions 
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within their companies (Table 5.17). More respondents with a postgraduate degree or 
diploma (60%) are dissatisfied with their salaries compared with estimators with 
HNC/HND or first degrees (40%). 
Dissatisfaction with relative salary can be linked to dissatisfaction with the status of the 
estimating function and the lack of estimating experience on board. Predictably, perhaps 
younger estimators are generally more dissatisfied with the benefits they receive than 
their older colleagues. 
Table 5.17. Attitudes to salary and other benefits. 
Percentage of Respondents 
Yes No No View 
64 20 16 
5.1.4 Future Career 
Career Preferences 
Table 5.18 shows that over half of the respondents (56%) would prefer to stay in the 
estimating function. Another 44% of the respondents felt their careers should involve a 
spell in estimating and a move into another function later. The desire to stay in the 
estimating function increases significantly with age and length of service in estimating 
(see Table 5.18). It is also higher amongst those with lower/other educational 
qualifications (see Table 5.18). 
The analysis also revealed that time spent in preparation of an estimate is also related to 
career preference. Those estimators who spend relatively most of their time on this 
activity tend also to want to stay in the function, whereas those who spend less time on 
direct estimating tend to want a combination of both, a period in estimating and later a 
transfer from it. 
5.1.4.2 Career Expectations 
Estimators appear to have high career expectations. 68% of the respondents expect some 
promotion, very few of the respondents expect transfer (4%) to another function but 32% 
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have no expectations of any further promotion. Estimators with a first or higher degree 
tend to expect either promotion within the estimating function or a transfer out of it (see 
Table 5.19). Those with longer service in the estimating function have lowest 
expectations for promotion (see Table 5.19). 
Table 5.20 shows attitudes are remarkably consistent in terms of career preferences and 
expectations. Those respondents who would prefer to stay in the function clearly expect 
to do so very markedly, either with promotion or without it. 
Table 5.18. Career preferences by age, length of service and qualifications. 
Percentage of Respondents Preferring to: 
Stay in estimating Transfer Combine both 
MMM 
Age Group 
Up to 26 0 0 0 
26-35 60 0 40 
36-45 33 0 67 
46-55 58 0 42 
Over 55 100a 0 0 
Number of Years 
in Service 
Up to 5 0 0 100.00 
6-10 33.30 0 66.70 
11-20 66.70 0 33.30 
Over 20 66.70 0 33.30 
Qualificationsb 
ONC 50.00 0 50.00 
HNC 53.85 0 46.15 
First Degree 44.44 0 56.56 
Higher Degree 40.00 0 60.00 
Others 66.70 0 33.30 
Total 56.00 
0 44.00 
a One respondent will retire soon. 
b Some respondents hold more than one qualification. 
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Table 5.19. Career expectations by length of service and qualifications. 
Percentage of Respondents Expectinga: 
No Promotion Promotion Transfer 
(%) MM 
Number of Years 
in Service 
Up to 5 
6-10 
11-20 
Over 20 
Qualificationsb 
ONC 
HNC 
First Degree 
I-ligher Degree 
Others 
Total 
0 6.00 0 
16.70 83.00 16.70 
28.60 71.40 0 
75.00 25.00 0 
50.00 50.00 0 
46.15 53.85 0 
11.11 88.89 0 
30.00 70.00 0 
0 100.00 0 
32.00 68.00 4 
a One respondent provided more than one answer. 
b Some respondents hold more than one qualification. 
Table 5.20. Career preference and expectations. 
Career Expectations 
Career Preference No Promotion Promotion Transfer 
(%) M M 
Stay in estimating 35.70a 64.30 0 
Transfer from estimating 0 0 0 
Combine both of these 27.30 72.70 0 
Total 32 
a One respondent would retire soon. 
68 0 
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5.2 ATTRIBUTES REQUIRED BY AN ESTIMATOR 
Human relations plays an important part in the success of any construction project. The 
personality of the indvidual directly affects their relationship with others. Therefore, the 
examination of the personality profile of indviduals within the industry will lead to better 
overall relationships. Psychologists have, for long time, advocated the positive 
correlation between traits and job types (Melvin 1979). For example, Holland's (1966, 
1985) theory of vocational choice hold that people are motivated to seek out occupational 
environments consistent with their personalities 
This research investigates the personality characteristics of estimators directly by 
administrating to a group of civil engineering estimators seven personality measures 
designed explicitly to assess these personality constructs. 
Twenty-five practising estimators have participated in this research. Nearly half of the 
sample (48%) lie in the age group of 46-55 years, and had a considerable estimating 
experience ( 60% of the sample had between 11-20 years). Section 5.1 presents the 
sample educational background and career development. 
The estimators were presented with a number of important characteristics recognised as 
standard assessment criteria for psychological tests based on the following: 
Harrington/O'Shea system for career decision making (1976), Edwards personal 
preference schedule (1953), Guilford-Zimmeran temperament survey (1955), Allport- 
Vernon-Lindzey value study (1960), Strong-Cambell vocational interest inventory 
(1974), and Kuder preference record (1976). These criteria have been used to assess the 
attributes required by people involved in many different types of work. It was decided 
to use these tests to assess the attributes required by civil engineering estimators as they 
represent standard psychometric tests commonly used in vocational counselling and 
personality assessment. This decision is supported by Melvin (1979) who indicates that 
these tests are recognised by researchers and indicates that they have been applied to 
other construction allied professionals such as architects and construction workers. This 
enables this research to be directly compared with similar profiles in both the construction 
and other industries. 
In asking estimators to conduct these self-assessment exercise the research relied on the 
professionalism and integrity of the estimators involved. The estimators were asked to 
rate themselves on a scale of 0-5, where 5 is the highest value. Appendix B presents a 
copy from the test instruments used. These instruments are based on primary research 
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undertaken by those researchers listed above and adapted by Melvin (1979) for use by 
professional people including those of the construction industry. Tables 5.21 - 5.27 
present an analysis of estimators response in the form of a two-way frequency tables, 
together with descriptive statistical measures. Also, each attributes' aspects were ranked 
according to the highest mean score. 
The data collected from these tests enables the formation of a composite profile of the 
civil engineering estimator: his abilities, needs, temperament, values, interests and 
preferences. This provides information for relating applicants for estimating positions to 
estimators job requirements. 
Before presenting the estimators' profile drawn from this research, it is necessary to 
review the theoretical knowledge on the attributes discussed in the profile. This is 
presented in the next section. 
5.2.1 Personality Measures 
Jessup et al. (1975) have defined personality as " What makes one person different from 
another and includes all the psychological characterstics of an individual ". In this broad 
definition they have considered intelligence, aptitude and motivation would be subsumed 
under personality. However, more frequently in the psychological literature personality is 
used to describe the non-cognitive characterstics of an individual. It refers more to the 
emotional make-up of a person and is reflected in his behaviour style rather than the 
quality of his performance. For the purpose of this research personality will be 
considered in this limited sense. 
To develop such profile, an extensive examination of reference data compiled by 
vocational scientists was followed. The following seven psychological attributes were 
selected because they yield the broadest and deepest framework for the effective coverage 
of human personality profiles: 
Abihties. 
Needs. 
Temperaments. 
Job values. 
Personal values. 
Interests. 
Job preferences. 
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A wide variety of personality instruments have been applied by psychologists to measure 
the above attributes. An extensive review of the broad categories of the different 
personality instruments used to measure emotional, motivational, interpersonal and 
attitudinal aspects can be found in Melvin (1979). 
Each of the above attributes and their associated instrument used in this research is briefly 
explained below, with special emphasis on abilities, interests and temperaments as they 
have been the focus of many personality type tests and research studies. 
Abilities 
As different careers require certain abilities, it is well presumed that an individual must 
accurately assess the congruity of his potential to the job requirements. This attribute 
refers to those distinct skills that an individual must possess to handle a job adequately. 
The Harrington/O'Shea system for career decision making (1976) identified 13 abilities 
variables as follows: artistic, numerical, maths, scientific, language, principles of 
mechanics, motor, spatial, social, teaching, persuasive, leadership and clerical. Based on 
the work of Melvin (1979), Table 5.21 presents a valid and reliable measure for such 
skills. 
Needs 
The Edwards Personal Preference Schedule (EPPS) has been used widely in both the 
applied and research fields as a means of measuring 15 personality variables (Levonian et 
.r 
al. 1959 ). The EPPS was designed to measure the strength of personal needs in the 
following scale variables: achievement, deference, order, exhibition, autonomy, 
affiliation, introspection, succorance, dominance, abasement, nuturance, change, 
endurance, hetrosexuality and aggression. Melvin (1979) has produced an adapted 
version of the EPPS as shown in Table 5.22. 
Temperament 
Theodorson et al. (1970) have defined temperament as 
" The general prevailing and 
characteristic emotional attributes or mood of a person, perhaps partly 
innate but clearly 
and strongly influenced by the process of socialisation 
". The Dictionary of Occupational 
Titles (1965) states that a worker must possess necessary traits to reasonably adjust to a 
number of situations or activities, or else 
job dissatisfaction or failure may result. 
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The Guilford-Zimmerman Temperament Survey (1955) is a self-report inventory that 
yields information about those traits that combine to describe a person's overall 
temperament. Based on the work of Melvin (1979), Table 5.23 presents information to 
describe and analyse a person's overall temperament. 
Job Values 
Harre' et al. (1986) in their Dictionary of Personality have distinguished values from 
beliefs and attitudes, regarding values as the class of " enduring beliefs concerning codes 
of conduct and states of existence that transcend specific objects and situations ". An 
individual has a set of values in any job. The Harrington/O'Shea system for career 
decision making (1976) has identified 14 value variables: good salary, prestige, job 
security, high achievement, routine activity, variety, creativity, working with your mind, 
independence, working with people, leadership, physical activity, work under 
supervision and work with your hands. Based on the work of Melvin (1979), Table 5.24 
presents an adapted version for measuring such variables. 
Personal values 
Allport et al. (1960) have stressed that the best way to understand an individual is to 
understand his value system, because studies indicate that he tends to construe and 
interpret his experiences and situations in terms of his unique system. Therefore, 
knowing an individuals strengths can help one to predict his response to various stimuli. 
The study of values aims to measure the relative prominence of six basic interests or 
motives in personality: the theoretical, economic, aesthetic, social, political and 
religious. The most widely test used to measure personal values is the AVL study of 
values (Holland 1966). It yields a profile showing the extent to which an individual is 
motivated by his values. Based on the work of Melvin (1979), Tables 5.25 presents an 
adapted version of the test designed to measure the relative strength of an individuals 
dominant, pervasive personal values. 
Interests 
The intensity and the direction of a person's interests represent an important aspect of his 
personality (Melvin 1979). Psychologists use various tests to try to measure and classify 
interests, due to its practical significance. One of the better known is the Strong- 
Campbell Interest Inventory (Cambell 1974). It was developed by questioning a large 
sample population concerning their likes and dislikes, over a wide variety of specific 
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activities. It was found that persons engaged in various occupations were often 
characterized by common interests that differentiated them from other vocations. It is thus 
proved to be a feasible screening device to see whether an applicant has the same interests 
as those successfully engaged in a specific career. The Strong-Campbell Interest 
Inventory is organised into six major categories or themes: realistic, investigative, 
artistic, social, enterprising and conventional. Based on the work of Melvin (1979), 
Table 5.26 presents an adapted version of this test used to collect information regarding 
estimators basic interests. 
Job Preferences 
Each individual has a preference for a particular work environment or situation. The most 
widely used and influential test for measuring this preference is probably the Kuder 
Vocational Preference Record (Jessup et al. 1975). The test results yield a profile of 
preferences for activities in different interest areas, namely, outdoor, mechanical, 
computational, scientific, persuasive, artistic, literary, musical, social science and 
clerical. Table 5.27 presents a simplified version of the test taken from Melvin (1979). 
The next section presents a discussion of the profile of the civil engineering estimator 
based upon the estimators self-assessment exercise. 
ýý. 2.2 The Civil Engineering Estimator Profile 
The results of this research painted a composite personality structure of the civil 
engineering estimator. Although by no means all estimators possess all of these 
personality traits, many share similar attributes. Civil engineering estimators and their 
associated trait profile can be summarised as follows: 
According to the Harrington/O'Shea system for career decision making (1976), see Table 
5.21, estimators have very good aptitudes such as numerical, maths and spatial abilities. 
The ability to deal with numbers accurately and speedily, and to solve mathematical 
problems, are inextricably linked to the nature of estimator's job. The spatial acumen 
necessary for graphic representation, imagination, and logical, organized minds are also 
important. The data displayed in Figure 5.1 seems to bear out this implication; it 
associates the following main abilities with the civil engineering estimator: 
1. Numerical: his ability to work speedly and accurately with numbers. 
2. Maths: his ability to solve mathematical problems. 
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Spatial: his abIlitY to see differences in size, form and shape and visualize their 
relationships. 
5 
4 
w 3 
1 
0 
rz CA 
z 
Abilities 
Figure 5.1. Civil engineering estimators' abilities profile (Descending rank order). 
With respect to estimators personal needs based on the Edwards Personal Preference 
Schedule (1953), see Table 5.22, The top four needs were, in order: 
1. The need to accomplish things well; to successfully overcome obstacles. 
2. The need to work hard; to persevere. 
3. The need to be neat and orderly; to have plans. 
4. The need to be imaginative, subjective and analytical. 
Figure 5.2 is a pictorial representation of the results. 
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Figure 5.2. Civil engineering estimators' personal needs profile (Descending rank order). 
A civil engineering estimator would have the temperament to adjust to a variety of duties 
subject to constant change. Contacts with materials suppliers and subcontractors for 
exchanging instructions and evaluating information against verifiable criteria, is an 
example of situational adjustment required. Based on the Gu ilford- Zimmerman 
Temperament Survey (1955), see Table 5.23, the respondents had scored high on 
'general activity', 'emotional stability' and 'thoughtfulness'. Estimators temperaments 
can be best characterised by production, efficiency, evenness of moods, optimistic and 
analytic of self and others. Figure 5.3 is a pictorial representation of the results. 
Sociability 
Ascendance 
Restraint 
Personal Relations 
Masculinity 
Friendliness 
Objectively 
Thoughtfulness 
Emotional Stability 
General Activity 
Mean Score 
Figure 5.3. Civil engineering estimators' temperament profile (Descending rank order). 
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Estimators job values were also identified using the Harrington/O'Shea system for career 
decision making (1976), see Table 5.24. The top five values were, in order: 
1. The ablihty to do things of importance and to succeed on a challenging job. 
2. Being paid well. 
3. Working with the mind on work that offers intellectual stimulation and the use 
of mental capabilities. 
Involvement with work that allows freedom to follow your own convictions with 
minimum supervision. 
5. Having a variety of work and the chance to do many and different things. 
It appears that a successful estimator, in order to be happy in his job, drives hard in 
pursuit of achievement. Figure 5.4 is a pictorial representation of the results. 
Routine activity 
Physical Activity 
Work with your hands 
Work under supervision 
Working with people 
Prestige 
Leadership 
Creativity 
Job security 
Variety 
Independence 
Working with Your mind 
Good Salary 
High achievement 
Mean Score 
Figure 5.4. Civil engineering estimators'job values profile (Descending rank order). 
As rated, using an Allport- Vernon- Lindzey value study (1960), see Table 
5.25, 
estimators score strongest in the economic aspect, followed in the theoretical area, and 
weakest in the political and aesthetic areas. The economic man 
is characteristically 
interested in what is useful. They place high esteem on the practical, money and material 
wealth, and much less emphasis on the intellectual pursuits, artistic expression, and 
social interactions for humanistic ends. Figure 5.5 is a graphical representation of the 
results. 
106 
012345 
Religious 
Aesthetic 
Political 
Cu 
a Social 
Theoretical 
Economic 
Mean Score 
Figure 5.5. Civil engineering estimators' personal values profile (Descending rank 
order). 
According to the Strong-Cambell Vocational Interest Inventory (1974), see Table 5.26, 
the estimator is solidly in the enterprising and the investigative occupational themes. They 
are interested in such endeavours, as opposed to the everyday routines. This is probably 
due to the nature of their job and the variety of projects they work on. Figure 5.6 is a 
pictorial representation of the results. 
Conventional theme 
Artistic theme 
Realistic theme 
Social theme 
(a M Investigative theme 
Enterprising theme 
Figure 5.6. Civil engineering estimators' basic interests (Descending rank order). 
Finally, the Kuder Preference Record (Kuder 1976), see Table 5.27, has identified that 
estimators prefer both the outdoors and computational situations as their job preferences, 
versus working with people, tools and equipment. The preference for computational 
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Mean Score 
work is interesting and may explain the reluctance for estimators to fully embrace 
computer aided estimating. This point confirms the findings of earlier research presented 
in chapter 4 that highlighted that estimators require computers to advise or assist them in 
their job rather than to computerize all the computational work. Figure 5.7 is a pictorial 
representation of the results. 
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Figure 5.7. Civil engineering estimators' job preference situations (Descending rank 
order). 
From the foregoing analysis, a key composite profile of the civil engineering estimator 
emerges. Its main characteristics are listed in Table 5.28. 
The results demonstrate that personality measures, especially those measures that assess 
abilities, needs, temparement, values, interests and preferences are useful in providing an 
insight into character traits. Additionally, responses to these measures provide an 
improved understanding of the psychological dynamics underlying estimating behaviour. 
This should contribute to successful human resources management within the estimating 
function. 
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Table 5.28. A 'profile' of the civil engineering estimator. * 
1. Deals with things of importance and challenging nature. 
2. Values being paid well. 
3. Enjoys work that offers intellectual stimulation, and allows use of his mental 
capabilities. 
4. Holds his own independence in high esteem. 
5. Performs with a high level of speed and accuracy. 
6. Likes the opportunity to do many and different tasks. 
7. Accomplishes tasks well and is successful in overcoming obstacles. 
8. Prefers a 'steady' job. 
9. Acts in a very productive and efficient manner. 
10. Uses his own imagination. 
11. Is hardworking with a steady work output. 
12. Is optimistic. 
13. Has the ability to identify differences in size, form, and shape and visualize their 
relationship. 
14. Favours the pragmatic and useful impressions. 
15. Follows a rational and empirical approach. 
16. Prefers outdoor job situations. 
* These characteristics are not listed in any rank order. 
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5.3 ESTIMATORS' PERCEIVED KNOWLEDGE AND SKILLS 
This part of the research was designed to collect data concerning the present and future 
knowledge levels and skill requirements of the civil engineering estimator. Estimators 
perceived importance regarding their present and future knowledge and skills 
requirements, together with the time (education and training) anticipated to acquire 
sufficient knowledge and skills in order to undertake estimating and tendering tasks are 
presented. The estimators were asked to rationalize the knowledge and skills 
requirements of estimating and then rank order their importance accordingly, given their 
position in the production of a detailed, accurate estimate with a high probability of 
success. 
The data was analysed statistically, using the "Minitab" statistical software package (see 
Ryan et al. 1985) and all hypotheses tested using the Kendall's coefficient of 
concordance statistical measure (see Siegel 1956 and Kendall 1962). 
The analysis is contained in three sections. Section 5.3.1 highlights the importance of 
both present and future of knowledge levels, and compares the differences, if any, 
between current and projected needs, whereas section 5.3.2 follows the same framework 
of section 5.3.1 with respect to skill requirements. Finally, section 5.3.3 presents the 
respondents views regarding the time required to acquire such knowledge and skills. 
5.3.1 Knowledge Levels 
Estimators ranked in order of importance seventeen items of knowledge levels that they 
require in their job. For the purpose of this exercise it was assumed that the knowledge 
level required is that to enable the estimator to recognize the basic topics relating to the 
specific aspects of construction estimating. This should not be confused with the skills 
required to perform the job. Table 5.29 presents these data at the present time. 
In descending order of importance, construction methods and technology, planning, 
purchasing, and organization are ranked 1-4. This would appear consistent with what 
the estimators have identified before as their perceived education needs (see section 
5.1.1.6). Knowledge levels which are associated with organization are clearly thought 
more important than financial aspects. Communications and information technology are 
perceived to be important. In contrast, finance, insurance, law and quality assurance 
appeared less importantly. The least important knowledge items were those knowledge 
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rarely used by the majority of estimators, such as personnel management, industrial 
relations and human relations. 
Table 5.29. Rank Order of Importance: Present Time. * 
True Rank Items of Knowledge Sums of Ranks 
1 Construction methods and technology 
2 Planning 
3 Purchasing 
4 Organization 
5 Communication 
6 Information Technology 
7 Teamwork 
8 Finance 
9 Insurance 
10 Law 
10 Quality assurance 
12 Marketing/Sales 
13 Company strategic planning 
14 Risk management 
15 Personnel management 
16 Industrial relations 
17 Human relations 
84 
99.5 
133 
141.5 
193 
201 
213.5 
224.5 
242.5 
248.5 
248.5 
253 
255 
277 
282 
318.5 
355.5 
* Abstracted from Table 1, Appendix B. 
A coefficient of concordance was computed to determine the agreement among the 
estimators. The same procedure followed by Siegel (1956) and Kendall (1962) was 
adopted. The mean of the various sums of ranks, Rj is 221.79. The square of the 3 
deviation of every Rj from that mean are shown in Table 1, Appendix IY. The sum of 
these squares = 87445.46 = S, K= 25 = the number of estimators. N= 17 = the 
number of knowledge items who were ranked. The sum of the number of observations 
tied for a given rank = 249 = IT With this information, we may compute the Kendall's 
coefficient of concordance, W, corrected for ties as follows: 
ill 
w= 
S 
K2 (N 3- N) - 20 IT 12 
87445.46 
= 0.3497 1 
(25) 2 (17 3_ 17) - 20 x 249 12 
Therefore, the agreement among the 25 estimators is expressed by W=0.3497. The 
significance of any observed value of W can be tested by determining the probability 
associated with the occurrence under Ho of a value as large as the S with which it is 
associated. In this case, the null hypothesis (Ho) is that the 25 sets of rankings are 
independent. Applying the following equation after Siegel (1956): 
X2 = K(N-1) W= 25 (17-1) 0.3497 = 139.88 
From Table C (Siegel 1956), at df = N- 1= 17-1 = 16, and at probability p<0.00 1, 
X2 table = 39.29. 
Since 139.88 > 39.29. We can conclude with considerable assurance that the agreement, 
in terms of the rank ordering of knowledge as perceived in their present job, among the 
25 estimators is higher than it would be by chance. The very low probability under Ho 
associated with the observed value of W enables us to reject the null hypothesis that the 
estimators rankings are unrelated to each other. 
Kendall (1962) suggests that the best estimate of the "true" ranking of the N objects is 
provided, when W is significant, by the order of the various sums of ranks, Rj. This 
procedure was followed in the preparation of Table 5.29. 
Estimators responded to how they anticipated their job changing in the next five years by 
rank ordering their perceived knowledge levels. Estimators importance ratings are 
presented in Table 5.30 prominently placed at the top, construction methods and 
technology followed by planning, organization and, in 4th place, purchasing; nearly the 
order of importance prescribed by estimators current needs with the exception of 
organization and purchasing are interchanging positions. Information technology has 
replaced communication at the fifth rank. Company strategic planning significantly 
increases in importance compared to current needs, rising from 13th to 8th in rank order. 
Present and future knowledge needs are ranked quite identical, with some aspects of 
knowledge switched places. Switching order of importance does not affect the 
significance of agreement amongst estimators. Following the same procedure as above, 
Kendall's coefficient of concordance is calculated as follows: 
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w=1-, = 0.3647 
12 
17 - 17) - 20 x 453 
Therefore the agreement among the 23 estimators is expressed by W=0.3647. 
Table 5.30. Rank Order of Importance: Future Time (5 years). * 
True Rank Items of Knowledge Sums of Ranks 
1 Construction methods and technology 78 
2 Planning 97 
3 Organization 125 
4 Purchasing 136.5 
5 Information Technology 161.5 
6 Communication 177 
7 Teamwork 210 
8 Company strategic planning 214 
9 Finance 218.5 
10 Marketing/Sales 232.5 
11 Law 238.5 
12 Quality assurance 243.5 
13 Risk management 247 
14 Insurance 247.5 
15 Personnel management 278 
16 Industrial relations 292 
17 Human relations 322.5 
* Abstracted from Table 2, Appendix B. 
Using the following equation after Siegel (1956) to test the significance of 'W: 
X2 = K(N-1) W= 23 (17-1) 0.3647 = 134.20 
From Table C (see Siegel 1956) at df = N-1 = 17-1 = 16, and at probability p<0.001, 
X2 table = 39.29. 
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Since 134.20 > 39.29. We can conclude with considerable assurance that the agreement, 
in terms of the rank ordering of knowledge as prescribed in their future job, among the 
23 estimators is higher than it would be by chance. The very low probability under Ho 
associated with the observed value of W enables us to reject the null hypothesis that the 
estimators rankings are unrelated to each other. Thus our best estimate of the "true" 
ranking is provided by the order of the various sums of ranks, Ri (see Table 5.30). 
A measure of the strength of the linear relationship between the present and future 
knowledge levels was tested. The measure used for such correlation is the product 
moment coefficient of correlation, denoted by Y using the "NEnitab" software (Ryan et 
al. 1985). 
Correlation Y=0.982 which indicates the very strong relationship between present and 
future knowledge levels perceived by the estimator. To check its significance at 95% 
confidence level. Using Table 8, Loughborough University Maths and Stats Tables, for 
1 
n= 17, cc = 0.05 and it is two-tail test. Therefore upper 2ý% = 0.482. 
Since rcalc = 0.982 > 0.482, we reject the idea that there is no relationship between 
present and future knowledge levels in favour of the hypothesis that there is a 
significantly non-zero relationship. 
5.3.2 Skill Requirements 
Estimators ranked in order of importance seventeen items of skills. Together these 
formulate a body of appropriate skills required in their job. For the purpose of this 
exercise it was assumed that a skill is an ability to undertake a specific task relating to 
estimating and tendering with a minimum of management supervision. Table 5.31 
presents these data at the present time. 
Planning was perceived by estimators as the most important skill required for their job; 
this is perhaps understandable as virtually all the estimators surveyed are working in the 
civil engineering area, where planning is an important aspect of the work (McCaffer et al. 
1991a). The second most important skill was construction methods and technology, 
followed by purchasing, then management aspects of skills; organization; communication 
and teamwork. Information technology skills is considered far less important. Table 
5.31 shows all the other skills arranged according to importance in a descending order. 
Ranked at, or close to the bottom are industrial relations, human relations, personnel 
management and company strategic planning. Such skills are only occasionally, if ever, 
114 
needed by the majority of estimators. Ranked in the middle are law, insurance, risk 
management, finance, marketing/sales and quality assurance. Those skills are not widely 
used in the day to day activities of an estimator, however, a certain level of skill is 
required. 
Table 5.3 1. Rank Order of Importance: Present Time. * 
True Rank Items of Skills Sums of Ranks 
I Planning 83 
2 Construction methods and technology 84.5 
3 Purchasing 136.5 
4 Organization 139 
5 Communication 159.5 
6 Teamwork 179.5 
7 Information Technology 189.5 
8 Law 222 
9 Insurance 225.5 
10 Risk management 226.5 
11 Finance 230.3 
12 Marketing/Sales 247.5 
13 Quality assurance 252.3 
14 Company strategic planning 267 
15 Personnel management 271 
16 Human relations 278 
17 Industrial relations 322 
* Abstracted from Table 3, Appendix B. 
Same statistical test was applied to assess the consistency of the estimators responses. 
Kendall's coefficient of concordance (W) was calculated as follows: 
w 
74466.03 
= 0.3548 
(23) 2 (17 3_ 17) - 20 X 300 12 
Test for W significance was carried out as above. Therefore: 
X2 = K(N-1) =W= 23 (17-1) 0.3548 = 130.56 
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From Table C (see Siegel 1956), at df = N-1 = 17-1 = 16, and at probability p<0.001, 
X2 table = 39.29. 
Since 130.56 > 39.29. Therefore we can conclude with considerable assurance that the 
agreement in terms of the rank ordering of skills as prescribed in their current job, among 
the 23 estimators is higher than it would be by chance. The very low probability under 
Ho associated with the observed value of W enables us to reject the null hypothesis that 
the estimators' rankings are unrelated to each other. Thus we can base our estimate of 
the 'true' ranking of skills by ordering the various sums of ranks, Rj (see Table 5.3 1). 
Finally, estimators perceive their future skill needs as quite similar to the present. These 
data are presented in Table 5.32. Comparatively (see Table 5.31), organization and 
purchasing reverses their rank order and information technology replaces teamwork in 
sixth place. Insurance and finance are perceived as more important than law and now 
they have 8th and 9th place respectively. In the bottom of the tables, human relations and 
personnel management reverses rank order. As for the rest, there is hardly any 
anticipated change in the important of future skiRs needs. 
Checking the agreement between estimators, Kendall's coefficient of concordance was 
calculated as follows: 
w= 
68250.43 
= 0.3265 1 
(23)2 (173 _ 17) - 20 X 341 -1-2 
Significance test for'W was also carried out: 
X2 = K(N-1) W= 23 (17-1) 0.3265 = 120-152 
From Table C (see Siegel 1956) at df = N-1 = 17-1 = 16, and at probability p<0.001 = 
X2 table = 39.29 
Since 120.152 > 39.29. Therefore we can conclude with considerable assurances that 
the agreement, in terms of the rank ordering of skills as prescribed in their future job, 
among the 23 estimators is higher than it would be by chance. The very low probability 
under Ho associated with the observed value of W enables us to reject the null hypothesis 
that the estimators rankings are unrelated to each other. Thus the order of importance of 
estimators future skill needs can be ranked according to the various sums of ranks, Rj 
(see Table 5.32). 
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Table 5.32. Rank Order of Importance: Future Time (5 years). * 
True Rank Items of Skills 
1 Planning 
2 Construction methods and technology 
3 Organization 
4 Purchasing 
5 Communication 
6 Information Technology 
7 Teamwork 
8 Insurance 
9 Finance 
10 Risk management 
11 Law 
12 Marketing/Sales 
13 Quality assurance 
14 Company strategic planning 
15 Human relations 
16 Personnel management 
17 Industrial relations 
* Abstracted from Table 4, Appendix B. 
Sums of Ranks 
80.5 
85.5 
128 
137 
176 
190.5 
199.5 
226.5 
231.5 
232 
240.5 
242.5 
244 
258.5 
267.5 
276.5 
299.5 
To check the correlation between the perceived present and future skills needs we 
calculated the Pearson's coefficient of correlation Y yielding r=0.987, which indicates 
the very high relationship between the present and future needs. A significance test for 
such correlation was conducted. From Table 8 (see LUT Maths and Stats Tables) at oc = 
0.05 and n= 17, rtable = 0.482. 
Since rcalc > rtable, we can reject the hypothesis that there is not a relationship between 
perceived present and future skills needs. 
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5.3.3 Time Acquisition 
Assuming no existing knowledge level, the estimators were asked to indicate their views 
on the number of continuous days of education and training that they anticipate would be 
needed to acquire sufficient knowledge and skills in each of the items in order to 
undertake estimating and tendering tasks. 
The research used the same seventeen knowledge/skills items as on sections 5.3.1 and 
5.3.2. The answers were scored in days and are shown in Tables 5.33 and 5.34. A 
confidence interval at 95% level of confidence has been constructed. Estimators have 
very clear ideas about the kind of knowledge/skills which in their view would take a 
longer time to learn; "construction methods and technology" and "planning", for 
instance, and certain managerial knowledge/skills like "organization" would take a 
reasonable time to learn. 
The correlation between knowledge levels average acquisition time and those for skills 
requirement was calculated using the product moment correlation coefficientY as 0.986, 
which highlights the very strong relationship between the average acquisition time of 
both knowledge and skills. 
To check whether there is any statistically significance evidence of the strong association 
between the two data sets. From Table 8 (LUT Maths and Stats Tables), at 95% 
confidence level and n= 17, rtable = 0.482. 
Since 0.986 > 0.482, we can confirm the strong relationship between average time 
acquisition for knowledge and skills as statistically significant. 
118 
Table 5.33. Knowledge levels average acquisition time. 
Knowledge Levels Average Acquisition Time 
(in days) 
95% Confidence 
Interval* 
Marketing 9.78 3.77,15.97 
Personnel management 5.94 2.34,9.55 
Construction methods & technology 450 212.72,687.28 
Planning 74.70 31,118.5 
Human relations 6.06 2.50,9.62 
Organization 30.20 0,71.5 
Communication 17.89 8.87,26.91 
Teamwork 10.78 4.10,17.46 
Risk management 27.70 0,69.1 
Company strategic planning 9.28 4.97,13.58 
Finance 20.61 11.16,30.06 
Insurance 17.00 0,37.86 
Law 29.60 0,59.30 
Quality assurance 21.00 0.32,41.68 
Purchasing 26.22 11.92,40.53 
Industrial relations 9.78 3.46,16.09 
Information Technology 24.00 3.09,44.91 
* As negative values are impossible for'Time', if they occurred they were substituted 
by 
zeros and normality assumption must not be valid in that case. 
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Table 5.34. Skill requirements average acquisition time. 
Skill Requirements Average Acquisition Time 
(in days) 
95% Confidence 
Interval* 
Marketing 16.50 3.53,29.74 
Personnel management 11.00 0,22.60 
Construction methods & technology 400.056 164.80,635.311 
Planning 106.20 34.10,139.80 
Human relations 14.78 2.46,27.10 
Organization 40.40 0,82.10 
Communication 23.06 9.68,36.43 
Teamwork 15.61 3.02,28.21 
Risk management 41.60 0,85.70 
Company strategic planning 43.10 0,100.70 
Finance 25.90 2.4,49.40 
Insurance 38.30 3.5,73.20 
Law 79.80 12.60,147.0 
Quality assurance 18.67 0,39.13 
Purchasing 23.44 8.07,38.82 
Industrial relations 6.22 1.12,11.33 
Information Technology 23.22 2.20,44.25 
* As negative values are impossible for'Time', if they occurred they were substituted 
by 
zeros and normality assumption must not be valid in that case. 
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5.4 SUMMARY 
This chapter has described: (1) the investigations carried out using both the written 
questionnaire and self-assessment exercise with practising estimators, (2) the manner in 
which the investigation evidence was analysed both descriptively and statistically (as in 
the case of ranked responses), and (3) the results of the investigation and analysis, and 
how such results would bear on the successful implementation of effective human 
resources management in the estimating function. A summary of this chapter is presented 
under the following headings: 
Estimators Education and Training 
A total of 60% of the estimators considered that their initial education did not prepare 
them satisfactorily for a career in estimating. Whilst their full time education had assisted 
them to view problems critically, develop numerical abilities and reasoning abilities and 
apply technical knowledge it had not emphasised financial and commercial awareness. 
Courses were considered too theoretical and design orientated with insufficient 
construction management content. They did not reflect site experience and supply 
practical knowledge of efficient methods of construction operations or the likely 
durations of construction activities. 
The overwhelming majority of those surveyed, (80%) regarded managerial skills and 
technical skills of equal importance to their job effectiveness. They recognised the need 
for on-going education and training. A total of 40% had pursued further studies since 
leaving full time education. This included study as part of the requirements of 
membership of professional institutions and the attendance of technical and non-technical 
short courses. Significantly the analysis of estimators time utilization showed that on 
average only some 5% of estimators time was spent on training and development. 
The Career Development of Estimators 
Of the estimators surveyed, 60% had between 11 and 20 years estimating experience. 
Only 12% of the estimators had selected a career in estimating as their first choice of 
career. A high proporation, 84%, had selected a career in civil engineering and spent the 
predominant part of their early career in site engineering before becoming estimators. 
Whilst working on construction sites the majority has held the position of 
Section 
Engineer prior to becoming an estimator. Few had reached Project Manager level. It 
would appear that having reached the position of Section Engineer the respondents had 
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made a conscious decision to enter the estimating function. This decision would be 
consistent with their age, experience and the career opportunities open to them at that 
stage of their career. 
An analysis of the main types of work for which the respondents had direct construction 
experience indicated that Earthworks, Concrete Construction and Roads and Pavings 
were the most common. This is is not surprising given the importance of these types of 
work and the construction workload undertaken by the U. K. civil engineering industry 
over the last twenty years. Of more interest was the lack of their direct experience with 
respect to other types of work such as Ground Investigation, Geotechnical processes, 
Metalwork, Timber, Brickwork, Waterproofing, etc. Whilst it is acknowledged that these 
types of work are normally subcontracted, there appears a need for more expertise in 
these areas if only to improve subcontractor selection and evaluation. 
Estimators' Satisfaction and Dissatisfaction 
Those features of an estimator's job which provide the greatest satisfaction were as 
foRows: 
the satisfactory completion of an analytical estimate leading to a contract award 
and a financially successful contract; 
beating a competitor by a low margin; 
the variety of the work for which estimates were prepared; and 
breaking a project down into various sections then planning, pricing and 
collating the estimate. 
For those involved in the management of estimating departments, there was the added 
satisfaction of: 
managing a reliable, competent support team; and 
heading a team that produced well presented estimates with a good strike rate of 
successful tendering. 
As with any job there were sources of dissatisfaction. 
The 'top four' sources of 
dissatisfaction cited were: 
the status of the estimating function within the company; 
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marketing decisions made by the organisation without the consideration of the 
estimating departments; 
frustration due to staff difficulties (recruitement); and 
lack of estimating experience on the company's board of directors. 
These sources of dissatisfaction were more important to the estimators surveyed than 
those aspects that might have been expected: the variable hours of work; the physical 
working conditions; restriction of responsibility; or the frustrations of not winning new 
contracts. Clearly estimators feel that both their organisation and their industry does not 
recognise the importance of the estimating function. This dissatisfaction does not 
however manifest itself when salaries and benefits are considered, as 64% of the 
respondents regarded their salaries and other benefits to be equitable with those compared 
to equivalent jobs within other functions within the company. 
With respect to their future career, 56% indicated that they preferred to remain within 
estimating. Career expectations were high with 68% expecting some form of promotion 
within the estimating department although, as may be expected, those with longer service 
had the lowest expectations of career development. 
Attributes Required by Estimators 
This section has show^ that, although not all estimators possess all of the personality 
traits listed below, many share similar attributes and their associated trait profile can be 
surnmarised as shown below: 
Abilities. The ability to deal with numbers accurately is inextricably linked to the nature 
of an estimator's job. A spatial ability is required to interpret accurately the drawings 
provided for the project. Interestingly estimators consider that social ability is important 
which would indicate that the job of an estimator is not as self centred or insular as some 
may consider. 
Personal Needs. Estimators' predominant personal need is for achievement, the need to 
successfully accomplish objectives and to overcome obstacles. Estimators need to work 
hard and to have to persevere. They need to be neat and orderly in their work which 
should be both analytical and allow for subjective decision making. 
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Job Values. Estimators' job values were assessed and ranked in order. Predominantly 
they favour doing things of importance and to succeed on a challenging job. Also, they 
favour being paid well for jobs involving use of mental capabilities. 
Personal Values. With respect to personal values, estimators scored strongest in the 
economic aspect followed by the theoretical area and weakest in political and aesthetic 
areas. The economic person is characteristically interested in what is useful. 
Temperament. Estimators consider it important to have a high level of general activity 
combined with a thoughtful nature and emotional stability. This was more important than 
ascendance, (i. e. leadership and speaking in public) and sociability (i. e. seeking social 
contacts). 
Basic Interests. With respect to basic interests, estimators are solidy in both the 
enterprising and the investigative occupational themes. As they scored lowest on the 
conventional and artistic ones. This could be attributed to the nature of their job and the 
variety of projects they work on. 
Job Preferences. Estimators first preference for a job situation is outside work. They 
have often moved from an outdoor working environment to an office location. They also 
prefer to work in computational situations as opposed to working with people, tools and 
equipment. 
Estimators Knowledge and Skills 
In order to prepare an estimate, estimators must have a knowledge of technical, 
managerial and commercial issues together with specific skills required to complete the 
tasks. This chapter has presented data with respect to how estimators ranked the items of 
knowledge required to complete an estimate and how they consider the needs of their job 
in five years time. Analysis of the data showed that the estimators anticipated little change 
in the items of knowledge required by estimators and their order of importance over the 
next five years. The only significant changes are the anticipated continuing impact of 
information technology together with the increasing importance of company strategic 
planning and marketing. Of all the skills identified it is particularly important to mention 
that of planning. This was recognised by civil engineering estimators as the main skill 
needed by estimators. Several of the estimators who took part in the study emphasised in 
subsequent interviews (see Chapter 6) the need to 'build the project in the mind' before 
attempting to produce an estimate. 
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(CEAIPUIEIPI z 
DIECUSUON MkZUH(G UN THIT, IZ3UUMkUUH(G 
kMD TENDIZIRUNG DOLMUH 
6.0 INTRODUCTION 
In Chapter 4 the importance of the human factor in estimating was emphasised. This 
research has examined two aspects of this factor: the career and personality 
characteristics of the estimator, (presented in Chapter 5), and his decision making 
behaviour presented in this Chapter. 
There are no more promising or important targets for basic research than understanding 
how human minds with or without the help of computers solve problems and make 
decisions (Simon et al. 1987). Decision making is an important task in all intelligent 
activities, and so is of great concern to researchers in a multitude of scientific 
disciplines. Klein et al. (1990) reported that mathematicians have studied the 
implications of the axioms of decision theory; statisticians have been concerned with 
decision making under uncertainty; and economists have studied how human decision 
making determines economic activity. In the behavioural sciences several areas of 
decision making study can be found: cognitive psychologists study human problem 
solving; social psychologists study how decisions are made in organisations; and 
political scientists study how political processes result in decisions. 
The decision process is multiphased. Simon (1977), views the decision process as 
being composed of four phases: 
1 Intelligence (i. e. information search). 
2. Design (i. e. alternative development and evaluation). 
3. Choice (i. e. alternative selection). 
4. Review (i. e. evaluation of past choices). 
Klein et al. (1990) have identified two scientific approaches to the study of decisions: 
the normative approach which prescribes optimal behaviour, that is, how 
decisions should be made; and 
12-5 
the descriptive approach which is concerned with understanding how people 
actually behave when solving problems and making decisions. 
This research deals with the descriptive approach as it is particularly important to the 
development of expert systems as it can form a basis for understanding expert 
behaviour and provide a setting for basic research on how ill-structured problems are, 
and can be, solved. 
There are two distinct but related reasons for the interest in studying estimating decision 
making. Chi et al. (1988) have looked at different aspects of cognitive science of other 
professional people such as typists and software designers, which has resulted in 
understanding more fully how people think within their professions. Estimators can 
also be subjected to such research. This would help to discover how to help estimators 
produce better estimates and improve the overall estimating function performance. 
The research undertaken and described in this chapter advances our understanding of 
how estimators make decisions. This was achieved by carrying out an empirical study 
across a sample of professional estimators. The chapter is organised mainly into two 
parts: a literature review and an empirical study. 
The literature review establishes theoretical knowledge on the decision making process. 
It consists of two sections: the cognitive architecture of the mind and human decision 
making. 
The description of the empirical study describes the examination of the decision making 
process of professional civil engineering estimators in the act of carrying out 
prospective evaluation of contract documents. This project study task is the first and 
crucial step of estimating. In order to investigate the project study task it was necessary 
to develop a model that identified the professionals' specific decision making processes 
and strategies. The methodology employed is protocol analysis. Protocol analysis 
is the 
study of verbalizations of decision making behaviour, and is particularly suited to 
developing an understanding of how decisions are made (Larcker et al. 1983). 
The 
description consists of nine sections: The first section presents a review of the protocol 
analysis methodology and the second section describes the experiment 
design and 
material. This is followed by sections three and four each describing the pilot study and 
research participants. Section five describes the steps taken 
in the analysis of the 
protocols, whilst both sections six and seven describe the results: an examination of a 
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single representative estimator; the generalisation of the findings and the discussion of 
similarities and differences among the five estimators studied. The last two sections 
present the information provided by protocol analysis and discuss the limitations of the 
technique. 
ýý 
ý. 
l THE COGNITIVE ARCHITECTURE OF THE HUMAN MIND 
Modem cognitive psychology views human cognition as information processing, and 
the human mind as an information processing system (Klein et al. 1990). This system 
consists of a set of memories where representations of knowledge can be stored, 
together with set of processes which can act upon these representations. According to 
Klein et al (1990), the cognitive architecture of the human mind comprise of: 
Long-term memory, which has unlimited capacity, permanent storage, instant 
retrieval times, but fairly long write times. 
Short-term memory, or working memory, with instantaneous access and 
storage, but with a very limited size. Information can only be processed when it 
is in short-term memory. 
Mental operations, or the cognitive processor, which is a serial mec anism 
capable of executing only a handful of so-called elementary processes, such as 
retrieving symbols, comparing two symbols and so on. 
Allan Newell and Herbert Simon at the Carnegie-Mellon University in 1972 undertook 
a fundamental study in cognitive psychology. They developed their theory of human 
problem solving by observing how subjects solve problems. By asking subjects to 
explicate their thought processes, we now have a better understanding of these 
cognitive processes. More recently, the study of expert decision making has emerged as 
an area of specific interest ( see Anderson 1985 and Chi et al. 1988). This 
is of 
particular importance to the development of expert systems and the use of verbal reports 
to study estimators' decision making processes is presented in section 
6.3. 
/6.2 
HUMAN DECISION MAKING 
Research has been undertaken to explain human behaviour in performing ill-structured 
tasks and to explain how individuals acquire cognitive skill in a particular 
domain. 
Newell et al. (1972) have pioneered the work in this area and they 
have developed 
127 
some key-concepts, such as problem space and heuristic search described in more detail 
in the next two sections. In addition, section 6.2.3 presents the novice-expert relation in 
problem solving and some key characteristics of expert decision making. 
', -ý6.2.1 The Problem Space And The Task Environment 
There exists an important distinction between the two concepts: problem space and task 
environments (Newell et al. 1972). The problem space is defined as a person's internal 
representation of a problem, and the place where the problem solving activity takes 
place while the task environment is the physical and social environment in which 
problem solving takes place. The following example provides a distinction between the 
two concepts. Consider a group of trainee-estimators given an exercise in evaluation of 
subcontractor firms. Therefore, the task is subcontractor evaluation, and the task 
environment is made up of all the information given about the circumstances of the 
subcontractor firm's application for work. For example, financial information, 
references, past performance, etc. Thus, all members of the group have the same 
assignment and the same information, i. e. the same task environment. Assuming the 
task of evaluating a subcontractor is perceived as ill-structured, one expects to see 
variances in the individual approaches that are taken in order to perform the task. 
Monitoring the individuals who are solving this problem gives an insight to the problem 
space; for example, which data from the material provided was used; the sequence of its 
use; how new information is computed from old; etc. All this is done in the problem 
space. 
It is evident from the above example that individual behaviour influences problem 
solving; and that the less structured the task the greater this influence. Therefore, an 
analysis of both the structure of the task environment and the cognitive performance of 
human problem solvers is required to enable decision making behaviour to be properly 
modelled within a specific domain. 
-/'6.2.2 Heuristic Problem Solving 
Research has suggested that human problem solving is heuristic, i. e., people employ 
procedures that are efficient and that work most of the time. This 
is extremely important 
as the complexity of the task increases (Klein et al. 1990). 
Problem solving is a process of transforming an initial situation into a 
desired situation; 
the goal. The first step in solving a problem is that the problem solver must make a 
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representation of the task within the problem space. 'Me same task may be represented 
in many different ways by different individuals (see section 6.2.1), depending on 
experience, values and situations. Different representations may have a large impact on 
the problem solving process, as well as the solutions that are arrived at (Premkumar 
1989). 
After representing the problem, the next step is the selection of a particular problem 
solving method. Past research in the theory of problem solving has identified the 
'generate and test' method as the most general method (Klein et al. 1990). The generate 
and test method consists of two processes: 
generate a set of new knowledge states, from a preceding state; and 
test if one of the generated states is a member of the goal state. 
Using information about the problem to select states in the problem space to be 
expanded by the generation process has been known as heuristic search. The 
fundamental heuristic search method identified by Newell and Simon (1972) is means- 
ends analysis. Typically, the process is performed as a series of subprocesses where 
sub-goals are subsequently achieved. 
ýý6//'2.3. The Nature Of Expertise 
The previous sections described the general concepts of human problem solving. 
However, when an estimator in a construction company makes a decision about 
selecting a competent subcontractor, he is not merely undertaking a general problem 
solving exercise. He is also drawing upon a whole body of knowledge about the 
specific properties of the items of work to be subcontracted, financial standing of the 
subcontractor, about his technical and managerial expertise, etc. In his work, the 
estimator has gained professional experience. 
Anderson (1985) has identified three stages in the transition process from novice to 
expert: 
The cognitive stage, which is characterised by encoding declarative knowledge 
that can be interpreted by general procedures. 
The associative stage, which compiles knowledge into procedures that are 
specific to the perfonnance of the skill. 
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The autonomous stage, which is the final stage. During this stage the 
procedures become increasingly automated, and skill is performed without 
attention. A procedure, once activated, tends to run to completion without 
interruption. 
Klein et al. (1990) has stated some of the characterstics of an expert as follows: 
Performance. There are two aspects of an expert performance. First, effectiveness, i. e. 
experts have the ability to reach solutions using incomplete and uncertain knowledge. 
They use domain-specific knowledge to infer what an acceptable conclusion should be. 
Experts utilise the information available to them and sometimes they resort to reasoning 
by default. The second performance aspect is that experts are efficient and can reach 
solutions in the time available. 
Discrimination. An aspect that is related to efficiency is the expert's ability to search 
through irrelevant information in order to get at basic ideas, that is, experts have highly- 
developed discrimination mechanisms. Experts are capable of making categorical 
discriminations (Rosh et al. 1976) and are sensitive to more attributes of domain 
concepts than non-experts are (Murphy and Wright, 1984). 
Pattern Recognition. Experts are good at recognising the problems they face as 
instances of types with which they are familiar. "They learn to perceive recurring 
patterns in the problem and to associate their problem solutions to these patterns. " 
(Anderson, 1985). 
Domain Knowledge. Underlying the behaviour of experts is the body of operative 
knowledge. This knowledge is specific to the knowledge structures of the domain. 
Through training and experience these structures are compiled into complex schemas 
and procedures. Anderson (1985) has stated that master chess players are no more 
intelligent generally than average players; they have achieved their expertise through 
practice. 
Unconscious Knowledge. Individuals can lose awareness of what they know as they 
become experts in their fields (Johnson, 1983). This means that experts cannot 
explicate their full knowledge. It will only be evident 
by specific problem solving 
exercises. This explains the difficulty encountered in the acquisition of 
knowledge 
required for an expert system in a particular domain. 
However, it shows the advantage 
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of verbal 'otocols technique because it will allow detailed information to be obtained I 
on the ask. 
Theoretical and Experimental Knowledge. Finally, an expert possesses theoretical 
knowledge of both conceptual and analytical kinds, and experimental knowledge 
acquired through training and practice. 
Chi et al. (1988) have reported that the most challenging question now is how people 
acquire and use their expertise. It is interesting to observe the growing awareness and 
research on decision making in various domains; this includes for example, computer 
programming, magistrates' judicial decisions and medical diagnosis, and how expertise 
is developed, taught and implemented in these domains, which prompts a need for 
similar work in the highly experienced-based construction domain. 
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3 AN EMPIRICAL STUDY OF THE DECISION MAKING PROCESS 
IN A CONSTRUCTION COST ESTIMATING DOMAIN 
Computer aided estimating has received significant attention in the estimating literature 
(Barton 1987b, Brook 1988, Genders 1989). Most CAE research has been directed at 
developing and testing new computer systems used in preparation of estimates and 
production of reports. While such ongoing research is needed, it generally ignores the 
judgemental processes inherent in cost estimating. The survey undertaken in Chapter 4 
confirms that estimator's expertise and experience is the most important issue in 
estimating. It is therefore, imperative to obtain knowledge of how estimators make 
decisions. 
The estimating function is of a fundamental importance to construction company. Yet 
knowledge about how estimators make decisions is limited. Such lack of knowledge 
about estimators decision making has contributed to the inefficient use of CAE systems. 
This viewpoint common amongst many observers was verified in the survey presented 
in Chapter 4. 
The work described in this study focusses attention on the decision making processes 
of civil engineering estimators. The objectives of the study were: 
(a) to develop a model that identifies professionals' estimators specific decision 
making processes and strategies for specific tasks; 
(b) to identify the difference in problem solving behaviour among individuals 
engaged in a cost estimating decision making exercise; 
(c) to ascertain information-usage by estimators during a decision making exercise; 
and 
to investigate the implications for the design of future CAE systems. 
The research work was based on verbal protocol analysis, a methodology that uses 
detailed process information to model human decision making behaviour. The 
following sections present a review of the protocol analysis technique, describing the 
different ways to collect and analyse data, and to provide the reader with an illustration 
of a detailed protocol analysis study of five practising estimators together with the 
detailed discussion of the results. 
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Research Method 
Jyý 
The research methodology employed in this study is called protocol analysis. Byrne 
(1983) defines protocol analysis as a process tracing technique that examines patterns 
and sequences in a continuous stream of decision making behaviour. A descriptive 
process model can be developed as a result from using protocol analysis which can be 
used to identify specific strengths and weaknesses in decision making behaviour. In 
cognitive psychology, protocol analysis is widely used to study human thought and 
reasoning (Ericsson et al. 1984). Also, it is currently used as a knowledge elicitation 
technique for inferring knowledge bases in expert systems development as a means to 
capture human heuristics and expertise (see, for example, Lyngstad 1987). 
Although, protocol analysis has been used in other domains, no reference was found 
for using this technique in the construction domain. Therefore, this is one of the first 
reported studies relating to the construction domain, and is an extension of similar 
research work in other domains. 
6.3.1.1 
Jsimilar 
Studies 
Close attention to the computer user is not unique to estimating. In all other domains, 
such as chess, medical diagnosis and accounting, important breakthroughs have been 
accomplished by studying the behaviour of experts and their information usage. 
The following examples demonstrate the usefulness of examining expert decision 
making behaviour: 
Programmed computers to play chess have been available in the market since 
the early days of the introduction of computers. Early generations of chess 
playing programs were basically designed to search through all possible 
combinations of moves, and to select the best one. However, since 
experienced chess players evaluate their positions one or two movek but 
up to ten moves deep (Newell and Simon 1972), it is not effective to design a 
computer program that can explore all the alternatives. 
The solution was to study the decision making behaviour of chess players. By 
asking subjects to solve problems, such as selecting the next chess move, while 
thinking out aloud. The resulting verbalisations provided detailed traces of 
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human decision making behaviour from which descriptions of the decision 
making processes were extracted. Studies indicate that chess experts don't 
explore thousands or even hundreds of alternatives; rather they may examine as 
few as a dozen (de Groot 1965, Newell and Simon 1972). The key to playing 
expert chess is knowledge of effective heuristics which can be used to 
determine which few alternatives are worth exploring in detail. 
A similar development occurred in the area of computerised medical diagnosis. 
Davis et al. (1977) suggested that early diagnostic programs have failed to get 
the acceptance by the medical profession due to the program's inability to 
explain its reasoning in terms familiar to the physician. 
Asking physicians to think aloud while making diagnosis revealed that 
physicans employed a large number of selective heuristics that quickly reduced 
the almost boundless number of possibilities to a mere handful (Elstein et al. 
1978). Pople (1977) reported that better diagnostic computer programs were 
developed using the above knowledge and were able to provide the kinds of 
diagnostic assistance that was acceptable to them. 
Protocol analysis has produced very useful results in the accounting domain, 
for example, Bouwman (1983) through conducting a detailed analysis of the 
thought process of financial analysts performing an investment screening 
task was able to produce an operational. computer-program, -that modelled their 
thinkin 
6.3.1.2 Collecting Protocols 
Verbal protocols are used to obtain information about the cognitive processes of a 
subject dealing with a problem. They are literal transcripts of the subject's 
verbalisation, as recorded on audio tape. There are several techniques for obtaining 
protocols, the most widely used is concurrent verbalisation because it causes the 
minimum interference with the problem solving process (Ericsson et al. 1984). 
In order to collect a concurrent verbal protocol the decision maker is asked to think out 
loud, and to verbalise whatever comes up during the execution of the task. There is no 
restriction with respect to the content of the verbalisations, which are continual 
throughout the process. Restrictions can be added by requesting that decision makers 
only report certain, specific information. The main advantage of this restriction is a 
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much more manageable protocol. It is shorter, easier to interpret and more focused on 
the issue being researched. A disadvantage of concurrent verbalisation is that this 
method requires the decision maker to devote considerable attention to the specific 
verbalisation required. This may interfere with the performance of the task. Bainbridge 
(1979), however has shown that the effects of verbalising concurrently whilst 
performing many tasks may be zero or actually result in a positive effect. This was 
confirmed by Berry et al. (1984). 
Two other methods are used by practationers. Retrospective protocols are 
verbalisations collected at the conclusion of a single task; interpretive protocols are 
collected after the decision maker has completed a number of different trials of the same 
task. 
Whatever the types of protocols collected they will consist of a string of words which 
are an expression of facts, thoughts and actions. Protocol analysis is the task of 
fortnalising these verbalisations into structures and knowledge about decision making 
behaviour. 
6.3.1.3 Protocol Analysis 
The main aim of protocol analysis is to gain an understanding of how the subject 
envisages the problem in his mind, that is, the cognitive representation of a task. By 
reviewing the information and behaviour of the subject in the selection of alternatives it 
is possible to explain problem solving behaviour and difference in such behaviour 
between several individuals. 
The methodology of protocol analysis is not a uniform technique. There are different 
levels of analysing protocols depending upon the purpose of the research. The purpose 
of this research was to produce a process model of contractors' estimators undertaking 
a project study task. This model has contributed to three potential areas: 
the study of estimators' expertise; 
the education and training of estimators; and 
the development of expert systems within the estimating and tendering domain. 
Bouwman (1985) classified protocol analysis techniques into four main approaches: 
Scanning. Examining the protocol for'key word'or specific information. 
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Scoring. Tabulating the frequencies of certain key items of interest. 
Global modelling. Formulating flow charts and algorithms that capture the 
decision making process. 
Computer simulation. Developing executable computer programs that simulate 
the detailed step by step decision making behaviour. 
These approaches may be used individually, selecting the methodology to suit the 
specific research purpose, or in a structured manner to investigate with different levels 
of study the subject's behaviour. 
For the purposes of this specific research task, a detailed global modelling approach 
was used because it was required to obtain a comprehensive picture of the estimators' 
thought process and behaviour in a subject area for which there was no existing 
research information available. The methodology followed is based on Newell and 
Simon (1972) theory of human problem solving that has provided the theoretical 
foundations for many protocol analysis studies. 
The general approach to global modelling is described below: 
The transcribed verbal protocols are split up into small fragments of sentences, each 
representing a single action, information item or comment. Next these fragments are 
coded, classified according to a scheme that suits the task and the research objectives. 
After this coding phase, the reconstruction of the decision making process is 
commenced. This reconstruction or modelling phase is a search for similar patterns 
among the coded protocol fragments. Initially elementary decision making processes 
are formulated. These are followed by a specification of when each process is used, 
thereby creating larger, more general decision making processes. The next step 
specifies when these more general decision making processes are used. This analysis is 
repeated until finally a complete model of the decision making process emerges. A 
detailed example of protocol analysis is presented in the section 6.3.5. 
6.3.2 Empirical Study Materials 
It was decided to concentrate on the first task of the estimator when the contractor is 
invited to tender, the project study. This hybrid task is a combination of several parts 
of the estimators tasks as detailed in Chapter 2 that had previously been identified as 
tasks that are both fundamental in the production of the estimate and involved a high 
degree of expertise (see Chapter 4). Moreover, Baldwin (1982) has previously 
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conducted a project study task analysis, which has helped to identify the study terrain. 
The subjects undertaking the exercise were required to perform a project study 
simulating the estimator's initial review of the project. This included: 
the decision whether or not to tender; 
the calculation of the likely value of the contract; 
the identification of any queries on the documentation; 
the identification of any foreseen problems with the construction of the works; 
and 
the main methods of work (including construction methods, resources and the 
identification of any construction activities to be sub-contracted). 
The following preconditions were satisfied to ensure a successful session with the 
subjects could be accomplished: 
The sample case chosen was crucial as the case must be representative for the 
task. 
The case must contain sufficient data for completion in one session. 
The data must be presented to the expert in a familiar form. 
The task must have a clearly defined conclusion, that is, it must be possible to 
determine when the task is completed. 
The first step for developing a complete package of experiment materials to be used in 
gathering protocols on the the project study task was the selection of an appropriate set 
of 'properly prepared' contract documents. 
A local consulting firm was contacted with the aim to provide a real case study. A real 
set of contract documents for the water industry representing the extension of existing 
water treatement works project was selected, mainly because of its recommendation by 
the consulting firm as a good example which drew many queries from the real 
participating contractors. 
The project was entitled " Miscellaneous Improvements to Water Reclamation 
Work". The contract documents comprised of: 
Instructions and Information For Tenderers. This document contained data with 
respect to acknowledgement of documents, submission of tender, acceptance of 
a tender, arithematical errors, inspection of the site, qualifications/alternative 
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designs, construction industry tax deduction scheme, insurance requirements, 
tenderer's information, short description of work, extent of work, constraints 
of programme, location of site and access, and working areas. 
Form of Tender. This document included a copy from the form of tender and its 
appendix, schedule of subcontractors and certificates relating to insurance. 
Conditions of Contract. This document included the ICE Conditions of 
Contract, fifth edition and a list of amendments and additions. 
Specification. This document included the civil engineering specifications for 
the water industry and a list of special clauses. 
Bill of Quantities. This consisted of five sections: list of principal quantities, 
preamble, daywork schedule, work items, and grand summary. 
Drawings. A complete set of thirteen drawings was included. They comprised 
of: existing layout, site layout, humus tank (plan), humus tank (section), crude 
sewage pumping station, recirculation, recirculation mixing chamber, platform, 
splitter chamber, conversion of settling tank into storm tank, modifications to 
inlet works, recording and sampling chamber, and steelwork for humus tank. 
Four additional sheets not normally dealt with by the civil engineering estimator were 
included in the package of experiment materials handed to the subject. This included: 
a personal data sheet; 
a sheet describing the task required; 
a sheet explaining how to perform the task; and 
a post-experiment questionnaire. 
In the latter sheet the subject was asked: 
What additional information would you have used had it been available? 
If you could speak with a representative of the client or visit the site, what 
questions would you ask? 
Please briefly recall the most important parts of your study. 
Did the conditions of the study differ greatly from your normal circumstances? 
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The first two questions were to ascertain the completeness of the testing package, the 
third to establish what information could be recalled and the fourth to find out whether 
the testing conditions was different than their normal practice. Appendix C presents a 
copy of each of the four sheets. 
In addition, a verbal question was asked by the author at the end of the experiment to 
find out the subjects' opinion as to whether their evaluation would differ if they had 
been working in another contractor's organisation or evaluating another project. 
6.3.3 Pilot Study 
Prior to utilising the experiment materials for gathering protocols, three preliminary 
steps were taken. First, the example contract documents were reviewed by a member of 
the academic staff in the Department of Civil Engineering, Loughborough University of 
Technology. The member of staff had prior experience in estimating and was asked to 
confirm the completeness of the information package. Second, a preliminary 
experiment was conducted for checking completeness, accuracy and appropriateness on 
two subjects; a member of staff and a postgraduate research student. 
The results confirmed that estimating is a highly experienced-based activity, and it is 
difficult for people without previous experience to perform it. This was evident with the 
student subject who, after starting the exercise very well, moved to cite knowledge 
academically known on estimating and the adjudication of tenders. The preliminary 
tests also showed the importance of some missing data, a list of principal quantities 
which was , during the experiment, perceived as quite important in helping the subject 
to predict the likely value of the contract. 
The decision was then taken to conduct the experiment on a practising estimator in one 
of the major construction companies, in order to give the author the opportunity to 
practise the experimental and analysis aspects of the protocols before going into further 
studies. These trials were used to establish and rectify potential problem areas in the 
experimental procedure. In addition, the trials helped in the early identification of the 
codes to be used later in the analysis. 
6.3.4 Research Participants And Collection Of Protocols 
Data collection and interpretation by protocol analysis is a labour intensive process and 
hence most protocol studies have a small sample size (Vitalari 1985). The five subjects 
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chosen to perform the exercise were all practising estimators. Their average number of 
estimating experience was 12.6 years. For the purpose of this research, two of the 
subjects could be considered as novices, while the other three could be considered as 
experts in the problem domain. Table 6.1 presents the main characteristics of the 
research participants. 
Table 6.1. Characteristics of Participants. 
Estimator Age Group Estimating Latest Membership 
Experience Diploma of Prof. Inst. 
A 26-35 5 CIOB Part (1) 1982 
B 46-55 14 HNC Civ Eng 1962 
C 36-45 3 BA/MA 1976 ICE 
D 46-55 21 HND 1971 
E 46-55 20 BSc (Eng) 1965 ICE 
Protocols were collected from estimators at their place of employment. 'Mis provided a 
better environment in the sense of a more realistic context than would be the case if 
these estimators were brought to the Civil Engineering Department at Loughborough 
University. Each estimator was told that the objective was to study how estimators 
make their project study decisions and was informed that he should proceed as though 
a real project was involved. 
An appointment was arranged with each of the designated estimators. It was anticipated 
that this might generate a question on the amount of time that would be required. A pre- 
arranged response was designed as follows: "approximately one hour, but however 
long you normally take to make your project study decisions". 
Upon arriving at a contractor's office, the author presented the estimator with the 
experiment materials, two instruction sheets and a personal data sheet. 
A tape recorder 
was placed near the subject. A standard question prior to beginning to read the 
handed 
experiment materials was "What do you want me to do? ". The response was given 
"Whatever you do for any project study request such as the one you are about to 
be 
presented with". After the exercise, the subject was handed a post-experiment 
questionnaire sheet to fill in. The exercise was designed to last 
for approximately an 
hour. The subjects verbal description of their thoughts and actions throughout this 
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period were recorded using a voice activated mini cassette recorder. For each subject a 
separate tape was produced. These tapes were analysed individually and then compared 
with those of other subjects. 
The experiment lasted a mean of 41.6 min, with a range of 35-50 min. The mean 
number of words used by the estimators was 3841, ranging from a low of 2918 to a 
high of 5438. 
After the experiment, a brief discussion was conducted with the estimator, including 
answering questions regarding completeness of the experimental package, inforrnation 
recall and testing conditions. Appendix C contains a copy of their answers. 
The estimators confirmed that the information provided was enough for administering a 
project study task, although three estimators indicated that they need more borehole 
information, details of flows and diversions, and engineer's value and estimate report. 
It is worth recalling, that the experiment material was a real life situation, which 
indicates that consulting firms do not necessarily provide all data required by 
estimators. With respect to the ability of estimators to recall the most important parts of 
their study, all the five estimators remembered at least two main points of their study. 
Table 6.2 presents estimators answers to the conditions of the test. Only two estimators 
indicated that there was difference from what normally occured. This difference was in 
the period of time to study the documents. Finally, all estimators confirmed that their 
approach for the project study task wouldn't differ if they are working on another type 
of project or in another contractof s organisation. 
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Table 6.2. Did the conditions of the study differ greatly from your normal 
circumstances? 
Estimator Yes No Difference 
(if any) 
A 
B 
c 
D 
E 
Period of time to 
study documents 
More time to assess 
6.3.5 Analysis Of The Protocols 
The protocols collected from the sample were individually transcribed and analysed as 
per the standard guidelines (Newell & Simon 1972). Protocols for this group of 
estimators are contained in Appendix C. This analysis of the verbal protocols involved 
the f6flowing stages: 
the splitting of the protocols into 'topic lines'; 
the coding of each topic line to suit the research objectives; 
tabulating the code frequencies; 
identifying and classifying the goals of the subject whilst undertaking the 
experiment; 
surnmarising the protocols into 'episodes'; and 
comparing and contracting these episodes with other subjects. 
Each of these stages are described below. 
Topic Lines 
After fully transcripting the recorded protocols, the first task is to split the protocol 
into 
I topic lines'. Topic lines are manageable pieces of text that relate to a single action, 
single item of information, or a single comment, with usefulness as the overriding 
criterion in defining a topic line, i. e. does the topic 
line structure improve the 
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accessibility and manageability of the protocol?. Examples of topic lines produced 
were: 
50: Very quickflick through the bill of quantities. 
51: Humus tank construction using in-situ concrete. 
52: It suits us very well (Estimate B, topic lines 50-52). 
Coding Protocols 
Next, each topic line must then be coded using a coding system appropriate to the task 
involved and the objectives of the researcher. (For example, in this study the use of 
construction drawings was prominent in the subjects execution of the task. 
Consequently the code "Visualize" was used to code certain topic lines). Since this 
study focuses on the decision making process and the role of information, three types 
of codes were identified and each topic line is assigned the following three codes, 
where applicable; an activity code; an information item code; and a document code. The 
activity code classifies the decision making process that is displayed in that line, such as 
it reading a document"V it stating a goal", or "inference". While, the information item 
code identifies the item that is being processed, such as site location or consulting 
engineer, i. e. describes the specific information looked at or processed. The document 
code indicates in which contract document the item of information was found. For 
example, form of tender, specifications or drawings. 
The author developed a detailed coding structure to identify the specific codes within 
each type of activity code; information item code; and document code. The content of 
the information in the project study task determined those specific codes for the 
"information item' and "document" codes. However, for the activity codes, a coding 
structure developed by previous researchers was followed with adaptations to suit the 
particular experiment. This is a normal practice as long as these tasks share the same 
process behaviour of "examining information" followed by "evaluation" (Bouwman 
1978). 
A total of 21 activity codes were selected (see Table 6.3). Selection of the proper set of 
codes at the proper level of detail greatly affects the efficiency of the protocol analysis. 
However, the impact of the type of coding used on the validity of the research results is 
limited, provided that the codes are applied consistently (Bouwman 1985). If certain 
behaviour is left out, the corresponding protocol lines will not fall in any of the 
established coding categories, and further identification of codes will be needed. 
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Table 6.3. List of Possible Activity Codes*. 
Activity Definition 
Reading and Examination Codes 
R Read of information without further processing 
PAR Paraphrase 
VIS Visualization 
COMP Computation of numbers 
C Comparisons 
Reasoning Codes 
EXPL Providing explanation 
sum Summarising findings or evaluations 
INF Making an inference 
Q Formulate a query or question 
AS State an assumption 
FH Formulate hypothesis 
CONF Confirm an action 
Goal Codes 
SG Stating an explicit goal 
FG Stating (potential) future goal 
SD Select a specific document 
S1 Select a specific item of information 
Memory Access Codes 
SF Stress a specific information 
RET Retrieve information from memory 
Comment Codes 
TC Comment re: task content 
MC Comment re: problem solving process 
GC Comment re: general/other aspects of estimatof's 
job 
*Some codes were also used by Stephens (1980), Biggs et al. (1983) and 
Bouwman 
(1985). 
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If assumed behaviour does not occur, the corresponding codes simply are not used (for 
example, paraphrase and comparison codes in this research). Table 6.4 presents an 
example of a coded section of a protocol. 
Tabulating Code Frequencies 
The tabulation of the frequencies of each code provide the researcher with an overview 
of the decision making behaviour and a basis for the full analysis of subjects actions. 
The activity code is particularly important, since it is closely linked to the decision 
making process. The activities were grouped into the following categories: Reading and 
Examination; Reasoning; Formulating Goals; Memory Access; and Commenting. Table 
6.5 shows the frequency counts for each of these categories. Reasoning is the 
predominant activity across the sample. In their performance of the task the estimators 
devoted an average of 48% of their time to reasoning activities, ranging from a low of 
29% to a high of 59% for individual estimators. This is followed by information 
examination and reading (17%) with a range from as low as 15% to a high of 18% for 
individual estimators. The results indicate the nature of civil engineering estimator's 
job; the examination of specific items of information from which numerous conclusions 
are inferred. 
The critical nature of information selection was confirmed by tabulating the information 
item codes used by the estimators. Although the contract documents contain a 
substantial number of information items, estimators typically look at few different ones. 
A detailed discussion of information usage can be found in section 6.3.8. 
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Table 6.5. Activity code frequencies. 
Activity Frequency Mean Range for 
Individual 
Evaluation 
Reading and Examination 318 17 15-18 
Reasoning 921 48 29-59 
Formulating goals 221 12 6-25 
Memory Access 199 10 4-22 
Commenting 259 15 9-19 
Total 1918 100* 
* Differs from 100% due to rounding error. 
Identifying and Classifying the Subject's Goals 
The identification and classification of the subject's goals is the most important part of 
the protocol analysis technique. This enables the researcher to represent the decision 
making process as a sequence of goals from which specitic strategies may t)e 
highlighted. Goals reveal hidden information on what the estimator wants to do at each 
point of the evaluation, why specific activities are performed, and for what certain 
information is used. Goals may be identified as follows from the protocols: 
(1) a goal may be explicitly stated; 
(2) a goal may be implied within the context of a certain activity; and 
(3) a switch to a new goal frequently involves a break in the estimatofs activity, as 
well as a desire for different information, both of which are easily observable 
in 
the protocol. 
There are three types of goals: strategic; tactical; and operational. 
A strategic goal 
defines the general mode of the evaluation, such as , familiarising oneself with the 
likely 
contract value" and "exploring specific findings" as 
is illustrated by the following 
examples: 
First thing is to get some idea of what contract value it is 
(Estimator E jine 1). 
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I am looking back now into the first part of the bill of quantities, the reason being that 
this might give me some indications about items such as maintaining flows through the 
existing works (Estimator B, lines 203-204). 
Each of the strategic goals is further specified by a series of tactical goals. Tactical 
goals specify what major task to do next, such as what kind of document to examine, 
and what the depth of the analysis is going to be. For example, the strategic goal of 
"familiarising oneself with likely contract value", was achieved by looking on the list of 
principal quantities: 
I need to look on the list ofprincipal quantities (Estimator E, line 2). 
Tactical goals are also defined by operational goals which describe the objectives of 
individual episodes. For example, the tactical goal "look on list of principal quantities" 
was executed by a series of operational goals, each of which examines a small section 
of the list of principal quantities, for example: 
The major quantities arefor excavation (Estimator E, line 5). 
I am now taking offfrom the list ofprincipal quantities the quantities (Estimator E, line 
10). Figure 6.1 shows a diagramatic illustration of the above example. 
Strategic Goal 
What Contract Value it is? 
I 
Tactical Goal 
Check list of Prin. Quantities 
Operational Goal 
Find Out Work Items of 
Major Quantities 
Operational Goal 
Take off Total Quantities 
Figure 6.1. Classification of goals. 
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Defining Protocol Episodes 
Given a coded protocol and after identifying the goals of the subject whilst undertaking 
the experiment, consecutive topic lines that share a common goal are linked together 
into episodes. 
Newell & Simon (1972) defined an episode as a succinctly describable segment of 
behaviour associated with attaining a goal. Therefore, an estimator's protocol can be 
viewed as a sequence of such episodes. Table 6.6 presents an excerpt of preliminary 
work undertaken by the author to construct such episodes. 
Table 6.6. An excerpt of preparatory work used in construction of episodes. * 
Episode No. Topic Lines Shared Goal** 
1 1-4 s 
2 5-12 T 
3 13-18 s 
4 19-22 T 
5 23-27 0 
6 28-37 s 
7 38-82 T 
8 83-89 0 
9 90-91 T 
10 92-100 0 
Estimator C. 
S= Strategic; T= Tactical; and 0= Operational. 
Sub-division Of Strategic Goals 
Strategic goals represent major segments of behaviour. 
They can be classified into two 
major groups: search goals and evaluation goals 
(see Figure 6.2). There are three 
categories within the search goals: familiarising, exploring and 
scanning. 
Familiarising means becoming acquainted with the prospective project. 
It typically 
implies examining a specific document, although 
it may be limited to looking at a small 
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group of specific items. Familiarising closely corresponds to the goal of developing a 
feel for the job. 
Exploring involves focused search. The estimator has a specific objective, such as a 
desire to learn more about ground conditions, to examine problems with maintaining 
existing flows, or to analyse thoroughly a specific document. Scanning means looking 
for something unusual. The estimator goes through the information without looking for 
anything specific. 
Only one category will be used for the evaluation-type of goals, which is reasoning. It 
involves analytical and surnmarising behaviour. The objective is to integrate 
observations, and to generate suggestions, hypotheses and leads for further analysis. 
Figure 6.2. Sub-division of strategic goals. 
Episode Summary 
Finally, the protocols were analysed to identify the specific episodes, 
together with 
their associated goals. This permits the production of an'Episode 
Summary'showing 
the decision making process in a single compact 
diagram. The following steps were 
followed in construction of each episode summary: 
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identify subject's episodes (i. e. consecutive topic lines that share a common 
goal are linked together); 
classify episodes according to their strategic goal; 
group together consecutive episodes that share the same strategic goal; and 
(iv) determine whether a relationship exists between two successive groups of 
episodes. 
There is a relationship between two episode groups if one episode group is a follow up 
or a direct consequence of the other. Such a relationship is represented in the Episode 
Summary diagram by a horizontal line. For example, an episode may explore a finding 
that was uncovered in the preceding episode. If there is no such identifiable evidence 
for a relationship between two successive group episodes, the episodes are connected 
by a vertical line in the Episode Summary diagram. However, the absence of an 
identifiable relationship between episodes does not mean that the estimator was going 
through the information randomly, he may be going down a checklist of basic goals. 
Figure 6.3 shows an example of an Episode Summary diagram produced for an 
estimator; (Estimator B) who undertook the project study task. All episode summaries 
produced for the five estimators are included in Appendix C. These Episode summaries 
and their supporting data were then be compared and contrasted. This enabled the 
results from one estimator to be confirmed as the accepted way of approaching and 
showing the problem or alternatively highlighted how different estimators, e. g. experts 
and novices, think. This information provided by protocol analysis, is described in 
more detail in the next sections of this chapter. 
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Figure 6.3. Ep isode summary of es timator B. 
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6.3.6 The Examination And Evaluation Of Individual Project Study 
Behaviour 
The formulation of the project study evaluation decision model starts with a detailed 
analysis of a single estimator, Estimator B. He works as an estimating director for a 
medium-sized civil engineering contractor. He has 14 years of experience in estimating 
(Sample Average, 12.6 years). In addition as a director he is responsible for project 
study evaluations. His evaluation took 40 min (Sample Average 41.2 min). Figure 6.3 
presents the Episode Summary of Estimator B. 
The protocol of Estimator B provides clear evidence of his decision making process. 
He starts by exploring the nature of documents handed to him by the author. He 
explicitly formulates his strategy in episode 2, and proceeds to execute it. Estimator B 
starts with "familiarising himself with allowable time to tender and completion time for 
the works stated by the engineer". He executes this goal by having a quick look at the 
drawings and the contract documents. 
I am looking now through the document to check the relevant times scales ... Looking 
very briefly on the drawings (Estimator B- Lines 9-14). 
At the end of this stage, he was able to reason and guess a likely value for the contract. 
We would expected it to be in the medium price range which isfor us 
between f300, OOO and 1500,000, which makes it very interesting for ourselves 
(Estimator B, line 19). 
His next move is to get a general picture of the job. He executes this goal by looking 
on the site layout drawing and scanning the contract documents. Closer examination 
shows that estimator B actually intends to read quickly the first sections of the contract 
documents. The familiarisation goal determines the order in which he processes the 
information. He prefers to familiarise himself by going through the first sections in a 
strictly sequential manner. Estimator B behaviour is typical for one who has developed 
a "standard way" of getting started with the evaluation. 
An important issue during this early part of Estimator B's analysis is to what extent he 
looks for specific items. In other words, is he guided by a checklist or does he merely 
examine whatever comes up? 
153 
The protocol strongly suggests that Estimator B indeed uses a checklist, as evidence by 
an analysis of his goal statements. Table 6.7 lists estimator B's goal references that 
relate to a specific topic. It appears that during his familiarisation Estimator B knows 
exactly what he wants, and he prefers to gather this information in a methodical 
manner. 
When Estimator B has familiarized himself with the documentation, he selects a new 
goal, familiarizing himself with the drawings to check if anything was missed during 
his initial review of the BOQS. 
So let us have a look on the drawings. We are going ... to see if there is anything that 
shows itself up on the drawings that may be we missed when we flicked through the 
bill (Estimator B, lines 105-107). 
He seeks to draw a comparison between the description and qualities of the bill items 
and what actually he is going to build, represented on the drawings. This objective 
clearly indicates that Estimator B is indeed performing an evaluation/appraisal task. 
Other parts in his protocol indicates that he was looking for any way to get more profit 
from the bill for his organisation. He executes this goal by a focussed search through 
the drawings, taking one at a time, exploring all its details and ways to construct it, then 
once he is satisfied that he at least looked on all its details, he pauses and integrates his 
observations. 
Table 6.7. Specific goals mentioned by estimator B during familiarisation of 
documents. 
Mentioned during initial phase of familiarisation: 
1. Time to tender. 
2. Completion time. 
3. Location of job. 
4. Amount of liquidated damages. 
5. Minimum interim certificates. 
6. Principal quantities. 
7. Mechanical and Electrical element. 
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Something like 9m deep 
2.22m above sea level in 
Nottin&mishire 
3. Clay is consistent 
Therefore, very important that we know 
the ground conditions 
There is very bad ground in that area 
No Problem 
Figure 6.4. An example of a theme developed by estimator B. 
These reasoning episodes play key roles in the decision making process, since they 
frequently produce results that are instrumental in directing the subsequent analysis. 
The key inference that Estimator B formulates at this point are problems with the 
ground conditions of the site and the status of flow in the existing structures. Estimator 
B's objective now becomes to "investigate the implications of these problems on the 
construction methods". Figure 6.4, statements 1-3 shows the formulation of his 
I theme' at this point. 
Estimator B further elaborates his theme's development by exploring the borehole 
report and the first Part of the bill for information on maintaining the flow in the 
existing structures during construction of the new works. He then starts to integrate his 
observations on the borehole report, questioning the risk of taking only one borehole. 
He concluded that the borehole log appears to be good. 
It would appear that only one basic type of structures is affected much by the ground 
water, and in this clay one would think it could be controlled relatively easy (Estimator 
B, lines 223-224). 
Estimator B now scans the standard detail 
eA drawings and the materials section of the 
specifications. However, when it comes to the general section he explored it 
thoroughly, again based on a "checklist" style, looking for accommodation for the 
engineer, working hours restrictions and noise limitations. 
In contrast, he only scans the conditions of contract amendments. He explains the 
reasons behind that, as it is coming from a client and engineer he knew. It doesn't 
bother him too much at this stage. 
Comingfi, om a client that we deal with regularly, comingfi-om a consultant that we deal 
with regularly, unless ... we wouldn't normally give them a second 
thought (Estimator 
B, lines 263-267). 
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Estimator B's evaluation is now quickly coming to an end. After checking the 
constraints to the programme and their impact on the job, Estimator B decides to 
formulate his final evaluation of the job. He decides that his company should actively 
seek to procure the contract for the project. He can envisage no problems with the 
construction to be undertaken. 
Figure 6.5 presents a model of Estimator B's project study decision making behaviour. 
The model of Estimator B clearly shows two distinct phases: the familiarising phase, 
and the remainder of the evaluation. 
The familiarising phase is governed by two rules: 
1. If there is specific missing information, then this information is searched for. 
2. If there are documents or document sections remaining on the checklist, then 
these documents (sections) are examined. 
The familiarising phase is concluded when all items on the checklist have been 
examined. The second phase of the evaluation is characterised by four major processes, 
(1) exploring a specific document, (2) exploring inferences and hypotheses, (3) 
scanning the remaining information, and (4) integrating findings and formulating 
hypotheses. The processes are listed in order of priority, as far as can be determined 
on the basis of a single protocol. When Estimator B enters this second phase, he 
typically begins with "scanning the remaining information", since none of the 
conditions for the higher priority processes will have been met at that point. I-Es 
primary objective is to know more about the description of work. The scanning 
behaviour may be mixed with, or followed by reasoning and exploring activities, 
depending on when those respective conditions are met. It is difficult to make definite 
statements regarding the specific content of these conditions, such as when there is a 
tv need to pause and integrate". The protocol can only suggest the content of the decision 
rules. For, example reasoning and integrating episodes typically occur when Estimator 
B completes a strategic goal. Estimator B approaches the evaluation process in a very 
methodical manner, he does not like to interrupt a goal on which he is currently 
working. 
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Throughout most of his analysis, Estimator Bs behaviour is directed. The protocol 
reveals two primary vehicles for this direction, the checklist and the theme. The first 
part of his evaluation is largely 'checklist driven', particularly the initial familiarising 
phase. Once a first theme is formulated, however, that theme becomes the main guiding 
force. Estimator Bs strategy then becomes one of attempting to develop further the 
theme. A'checklist driven' strategy of "exploring specific documents" is used in these 
circumstances where the theme fails to provide specific direction. 
Despite Estimator B's preference for directed search strategies, he still maintains a 
certain amount of non-directed search, in the form of his "scanning the information". 
One possible explanation is that non-directed search strategy is used as a standby 
strategy, in case the directed search strategies fails to provide suggestions or it may be 
that Estimator B intentionally includes a certain amount of sequential scanning, as a 
safety mechanism in order to prevent him from missing something new or unexpected. 
6.3.7 Generalisation Of Project Study Evaluation Behaviour 
Estimator B was one of five estimators whose protocols were analysed in this study. 
The next step was to examine the others. Instead of a cumbersome and repetitive 
discussion of each individual estimator, however, Estimator Bs behaviour was 
generalised by contrasting it with the other four estimators, together with highlighting 
their main project study evaluation decisions. This assisted in identifying the 
differences among the subjects on some of the characteristics of decision making. 
Estimator A produced the second longest protocol (42 min). His evaluation process 
was extensive. It covered 56 episodes (see Appendix Q. He went through virtually 
every document systematically digesting all information provided. He performed the 
task through a combination of a repetitive familiarising, exploring and scanning 
activities, interspersed with reasoning episodes. However, he rarely used such 
reasoning phases as leads to direct the decision making process. 
His evaluation is 
characterised by a passive inductive strategy of collecting 
data and seeing what 
happens. His protocol revealed that he didn't want to commit 
himself to a final 
decision. One of the reasons, probably due to his junior position 
in the organisation 
with only 5 years experience in estimating. 
In contrast, the evaluation of Estimator C who had only 3 years experience, produced 
the second shortest protocol (39 min). It required only 30 episodes 
(see Appendix Q. 
He also began with familiarising and he does so by checking a number of 
key items; 
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job location; principal quantities and constraints to the programme. He then 
summarised his findings. This was followed by a combination of scanning and 
exploring activities. Scanning was used for what he considered standard documents 
such as specifications, whereas exploring was employed for detailed search through the 
drawings and borehole report. He then made conclusions by reasoning and a final 
evaluation process (episodes 27-30). The most significant difference between 
estimators B and C was in the reasoning phase. While Estimator B's goal in reasoning 
was to develop a picture of what is going on, the purpose of Estimator C's reasoning 
phases appears to mean deciding on selecting which observed fact represent the main 
problem. 
Estimator D produced the longest protocol . He took 50 minutes to complete the 
evaluation process. A first glance at his episode summary (Figure 6.6) shows few 
direct relationships between episodes. Estimator D's behaviour is characterised by a 
long series of episodes that are successively executed in time. The episode summary 
shows that Estimator D started his analysis by familiarising himself with the conditions 
of contract applied to this project, together with tender due date, episodes 1-4. This is 
followed by initiating a focussed search for specific documents (e. g. form of tender) 
and exploring specific items (e. g. bond and method of measurement). This supports the 
hypothesis of a "checklist" driven strategy used by estimators in making decisions. He 
then embarked on an extensive familiarisation stage of the detailed drawings, which 
runs from episode 9 to episode 18., Whereas Estimator B scanned thoroughly, as 
evidenced by his frequent interruptions (indicated by the "explore" blocks in his 
episode summary) to gather more detailed information, the documentation at this stage 
of the evaluation in order to have a brief description of the job. Although both of them 
shared the same objective, Estimator D puts more emphasis on the drawings than the 
documentation. After examining the drawings, Estimator D reached an important 
characteristic concerning this project. The depth of some structures necesitates looking 
at the ground conditions and the likely use of temporary works (episode 19). This 
finding is the beginning of Estimator D's theme, and he now interrupts his 
familiarisation with the drawings to develop this theme further, episodes 20-21. He 
checks the ground conditions to see whether it can stand up a deep excavation, he finds 
that ground appears to be relatively good. This leads him to infer that some of the 
shallow structures would be excavated with an open cut, while the deep ones (e. g. the 
humus tank) need to be constructed in a cofferdam. Estimator D also inferred that 
some form of temporary water control, possibly dewatering, may be needed. Figure 
6.7 shows an example of a theme developed by Estimator D. Having decided 
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temporarily that he had enough information about the job, Estimator D turns to his 
next strategic goal, estimating a rough budget price for the job and executing it by 
scanning the list of principal quantities. His aim wasn't the production of a cost figure 
at that time of the evaluation, but to have an idea about the major quantities involved in 
the work. His next goal was investigating the possible methods of work, that leads 
him to go back to the drawings and conduct an extensive focused search through them, 
episodes 34-48. Estimator D then scanned the remaining documents (episodes 49-50), 
and concluded his evaluation by calculating the likely value of the contract. 
1. Deep structures 
2. Ground appears relatively good 
Shallow structures 
4. Deep structures 
5. I-Egh water level 
Check ground conditions 
Some temporary works 
Open cut 
Cofferdam 
- Need temporary water control 
The numbers represent successive steps in the development of the theme. 
Figure 6.7. An example of a theme developed by estimator D. 
A decision making model of Estimator D is shown in Figure 6-8. Both Estimators B 
and D have a very distinct familiarising phase, which is largely controlled by a 
predetermined checklist. Whereas Estimator B's checklist appears to consist of 
document sections, Estimator D's list consists of specific items such as tender due date, 
fixed price contract, method of measurement and insurance. Templates storing specific 
information as characteristics of a particular project plays an important role in Estimator 
D's evaluation process. This is discussed later in this chapter. 
The information search mechanism of Estimator D was similar to that of Estimator B. 
Both of them employed the "checklist" driven strategy during their familiarisation, and 
used the "theme" driven strategy when developing their findings. Estimator D's overall 
behaviour is characterised by an active directed evaluation strategy. 
When he 
encountered an item that needed further exploration he did so immediately whereas, 
Estimator B was characterised by his insistence on methodically 
finishing the task he 
had set out to do, a methodical, directed strategy. This may 
be due to the fact that 
Estimator D has 7 years more experience than B. In undertaking the exercise 
both 
Estimator B and Estimator D spent a similar amount of time summarising and 
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reasoning. However, Estimator D regularly stopped to reason after completing a tactical 
goal, which in his case typically represented the completion of a specific document, 
whereas Estimator B's reasoning episodes occur at the completion of a strategic goal. 
Estimator E produced the shortest protocol. He was the second most experienced 
estimator (20 years) which may be the reason that he took just over 35 minutes to 
complete the evaluation process. Estimator E's evaluation requires fewer steps than 
Estimator B's (40 episodes). He also started with familiarising, and he did so by 
checking a key indicator of the project value, the principal quantities. He then 
surnmarises his findings, which triggers a limited exploration. He clearly has already 
made his decision, which is to reject the project, although he underlined its importance 
as an entrance to future working relationship with the client. 
41: Anyway in response to the decision whether or not to tender 
42: The value of this is insignificant 
43: It is not worth going for 
44: Sofor our conVany, we haven't got any major activity in that area 
45: The one good thing about it. It is for water authority which might give us a lead into 
one or two other things 
46: But initially it is the sort of thing I would recommend to send back and we didn't 
bother with 
47: Just it is not big enough in terms of our turnover to do. (Estimator E, lines 41-47). 
A major distinction between estimator E's and B's evaluation process lies in the extent 
of familiarisation. Estimator B familiarises himself by going through the 
documentation, whereas Estimator E has an explicit list of items that he wants to check. 
He goes from one specific document to another, and does not want to waste time 
looking at something else. Yet despite this difference, Estimator B and E both employ a 
similar evaluating strategy. This infers that they have a clear understanding of what 
information they need to complete the task, and they both gather information 
methodicaRy. 
6.3.8 Information Provided By Protocol Analysis 
In addition to these processes and decision rules discussed above, estimators' protocols 
can assists the researcher in three more areas: identifying construction templates; 
inferring a knowledge base from the protocols; and ascertain the 
level of information 
usage. These aspects are discussed in the following sections. 
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6.3.8.1 Identifying Construction Templates 
Templates are memory structures that accumulate a major part of a subject's experience. 
Elstein et al. (1978) have suggested that templates are widely used by physicians. They 
identify possible diseases as templates, each with an associated list of typical symptoms 
and therapies. Other researchers have also reported the existence of templates and have 
established their critical importance in decision making. For example, in chess, de 
Groot (1965) has stressed that the availability of chess patterns is the key determinant 
of expert chess players decision maldng behaviour. 
The gathered protocols reported in this study also confirm the existence of templates 
stored in estimators' memory within the cost estimating domain. Consider, for 
example, the following two protocol segments from estimator D: 
93: 1 see the cement is to be sulphate resistant. 
94: For the high level of sulphates in the ground (Estimator D, lines 93-94) 
232: It is sewage works. 
233: This isfiddling work. 
234: It is expensive work. 
235: We don't normally get a large reuse of shutters. 
236: As it is quite complicated shutter works. 
237: So wastage factors for formwork will go up. 
238: and The question of the recovery of the sheetpilingfor the temporary 
works whether we will be able to recover it. 
239: We would be concerned about that. (Estimator D, lines 
232-239). 
In the first segment, Estimator D uses the template concept to characterise the ground 
conditions in this particular site. Whereas in the second segment, Estimator D not only 
identifies sewage works as expensive which involves low reuse of shutters (lines 232- 
236); he also suggest that wastage factors for formworks will go up and other specific 
issues need to be explored, such as the recovery of the sheet piling for the temporary 
works (lines 237-239). Clearly, templates can be quite specific. 
Many advantages of templates have been recognised by other researchers. 
Less strain 
on the memory can be achieved if different observations under one convenient 
label are 
represented by a template. Through templates a recognition process 
has replaced a 
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reasoning process which is much faster and requires less effort. It also provides a 
means to enhance the evaluation process. For example a "Sulphate- Resistant Cement" 
template might be associated with specific standards to follow in such type of works 
where the cement is required, and typical precautions and problem hypotheses. (For 
example, cost calculation, more steel cover, protective coatings, etc. ). 
Protocols of other estimators provide additional evidence for the existence of templates. 
Consider the following protocol segment from estimator C: 
214: One thing I notice straight away about this. 
215: Whenever you get a peculiar shape tank with a sloping side. 
216: There is two questions to think. 
217: First of all what is happening down here. 
218: They are showing sides with blinding on top. 
219: So clearly they are expecting you to excavate it to that shape and to blind 
the surface wall. 
220: Unless the ground is exceptionally good that is not going to happen. 
221: It is almost impossible to excavate a structure of that shape. 
222: Especially if it is sloping infour directions. 
247: The next thing I would perhaps do with this one is to see how the form- 
work would be built. (Estimator C, lines 214-222 and line 249). 
The protocol segment indicates that Estimator C when he comes to visualise detailed 
drawings he draws back on his previous templates about shapes of ground structures 
and their associated problems. 
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j 6.3.8.2 Inferring A Knowledge Base 
Baldwin et al. (199 1) have stated that resource-based cost estimating requires various 
kinds of knowledge: 
an understanding of specific construction tenns; 
i 
a knowledge of industry standards; 
experience of industry 'rules of thumb; 
technical knowledge related to the construction process; and 
an appreciation of current market conditions. 
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Thinking aloud protocols, although not specifying the total knowledge base of the 
subject do contain information about the knowledge that has been used to complete a 
specific task. The recorded topic lines from the protocol include many factual 
statements that were not available from the information provided for the exercise 
showing clearly the additional information provided by the estimator. Similarly, the 
protocols contain many conclusions that require the use of knowledge. Here, the 
researcher may infer logically the information that must have been available to generate 
such conclusions. This provides a baseline of knowledge that the subject brings to the 
task although there is no guarantee that the subject indeed possessed or used that 
knowledge. (The subject may have made the statements without any supporting 
evidence). 
Table 6.8 presents an example of inferencing an estimators task-specific knowledge 
from the protocol produced by an estimator undertaking the project study exercise. The 
first column lists a number of conclusions that were formulated by the estimator. For 
example, after observing ductile iron pipework items on the list of principal quantities 
produced in the Bill of Quantities document, the estimator concluded that he needed to 
check the diameter of the pipework as this factor influences the price of pipework 
construction. He then concluded that "little money" was involved because the diameter 
of the pipework concerned was less than 1.5m. The second column of Table 6.8 lists 
the knowledge that has been inferred to be the minimum required to arive at such 
conclusions. For example, based on the subject's fourth conclusion it may be seen that 
he appears to know that ground water problems can be alleviated by using sheet piles. 
(Another subject selected dewatering as an alternative way to overcome this problem). 
These inferences supply the researcher with a useful knowledge base providing the 
following limitations are recognised: 
The inferences are based upon the assumption that decision makers arrive at 
their conclusions through a process of logical reasoning, i. e. a stochastic 
element behaviour is not included. 
(H) It is assumed that the estimators in making their decisions worked within some 
generally accepted framework. (The fifth and sixth 
inferences, for example, 
could not have been formulated without assuming the general 
borehole log 
report framework from within the contract 
documents). 
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The inferences are incomplete and provide only "spot-views" of the knowledge 
base. 
Irrespective of these limitations, knowledge inferences extracted from thinking-aloud 
protocols would provide an excellent starting point in building a knowledge base. They 
may be followed by in-depth interviews to build upon existing knowledge and to test 
and review knowledge representations. 
Table 6.8. An example of inferring a knowledge base. 
Relations Formulated by Estimator'E' Inferred Knowledge 
1 "Pricing ductile Iron Pipeworks - check Pricing ductile iron pipes is diameter" related directly to diameter 
2. "Greater than 2m diameter - fair amount If diameter is > 2m then fair 
of money amount of money is involved, 
Less than 1.5m diameter - very little else very little money is 
money involved " 
3 "Deep structures - need some temporary Temporary works are required . 
works" for deep structures 
4 "Ground water problem - use sheet piles" Water problems are solved by . using sheet piles 
5. "Clay soil - not much water would move If the ground conditions are clay 
through the ground" then little water percolation 
6. "Mudstone - problems in driving piles" Driven piles would encounter 
problems in mudstones 
7. "Extension of oldworks - problems in If project is an extension of 
phasing in work with existing flows" existing works then investigate 
maintaining existing flows 
6.3.8.3 The Role Of Specific Information In The Decision Making 
Process 
The protocol analysis shows the specific goal the subject 
is trying to accomplish during 
each step of the evaluation. Linking these goals to the protocol sections where they are 
executed, reveals what information was used to accomplish that goal. 
In this research, 
the methodology showed that some estimators started with calculating the 
likely value 
of the contract. What information was used to calculate such a value? 
This question 
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could be answered by tabulating the information referred to in the protocol lines, up to 
the point where the estimator first proposed the value. 
A further example of this approach that has been taken from the project study example 
is shown in Table 6.9. This table provides details of information usage during the 
project study evaluation decision. The information usage has been analysed for all the 
documentation used during familiarising, exploring, reasoning and scanning. 
To illustrate the potential use of the methodology, Table 6.9 presents an overview of 
the information usage during familiarising, exploring, scanning and reasoning goals. 
Information usage during familiarising is the most standardised; it reflects the 
11 checklist" that is used to develop a feel for the job. The most frequently used 
familiarising information is the set of drawings showing the details of the structures to 
be built, this is quite understandable for the nature of civil engineering works. Table 
6.9 shows that drawings and instructions and information for tenderers account for 
55% of all information used; the other information sources are hardly examined. 
Detailed analysis of such tables for different subjects does however often reveal 
information of interest. For example, Table 6.9 shows that the figure for "special 
clauses in specifications" is 20%. A comparison of this figure for all the estimators in 
this study revealed that the figure one estimator, estimator A, spent 87.5% of his time 
in familiarisation reviewing the special clauses in the specification. A check revealed 
that he had limited experience in estimating for this type of work hence his 'novice' 
approach. 
The data also shows how the use of the information changes as the subject's goals 
change from one category to another: familiarising to exploring, exploring to reasoning, 
etc. Analysis of Table 6.9 shows the changes. 
When exploring, the estimator has a specific objective in mind. Information usage now 
covers more documents. The focus is still on specific areas of information shown in the 
drawings, however, more attention is turned to instruction and information to tenderer, 
the form of tender and the borehole report. The major information sources during 
scanning are the special clauses within the specification, followed by amendments to 
the conditions of contract. Whereas for reasoning, where the estimator formulates his 
decision, still the dominant major category for information is the drawings. However, 
the second widely used information category is the list of principal quantities, probably 
for its importance in calculating a contract value and assessing potential items for sub- 
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contracting. Special clauses within the specification receives some attention during 
reasoning, in particular those indicating noise limitations, working hours and testing 
required by the engineer. 
In summary, a complete set of drawings are the primary source of information during a 
project study evaluation task. Their role is not limited to the familiarisation phase of the 
task but extends across the evaluation process. This confirms the importance of 
drawings to civil engineering estimators. 
6.3.9 The Limitations Of The Concurrent Protocol Analysis Technique 
Inevitably, as with any technique, there are some difficulties or some limitations with 
its use. The main limitations with protocol analysis observed during its use were: 
the selection of the appropriate task; 
verbalisation of the task; and 
coUating and analysing the data. 
It is important to select an appropriate task for the subject to perform. This task should 
closely reflect the subject's normal task and include identical documentation to that used 
on a daily basis. The task should be clearly defined, realistic and readily achievable. 
Where the subject normally works in isolation it is relatively straightforward to obtain a 
recording of the verbalisation of the task performance. Where the subject works in 
close liaison with other staff this is clearly more difficult. The presence of other parties 
distract the subject and leads to cross conversation. The subject's knowledge base may 
easily be augmented, albeit inadvertently, by others. 
Some subjects find it more difficult to verbalize their actions and thoughts than others. 
It may be necessary to observe the task performance and judiciously comment over' 
the verbal protocol as the experiment proceeds. 
The tasks of transcribing, collating and analysing the data should not be under 
estimated. The full analysis of the verbal protocols and the comparison of these 
protocols between different subjects is both time consuming and labour intensive. This 
restricts the number of subjects that is realistically feasible to study. The comparison of 
each subjects' protocol with every other protocol collected is infeasible. In order to 
identify a typical model it is normally more appropriate to compare a selected protocol 
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with that of other protocols to identify significant differences in either the approach to 
the task or the time spent in completing the experiment. 
6.4 SUMMARY 
The research work presented in this chapter has examined the decision making 
processes of professional civil engineering estimators who are performing the project 
study evaluation task. The estimators were provided with a real set of contract 
documents that reflected the magnitude and the types of information that they normally 
review. They were asked to verbalize "whatever came to mind" during their evaluation. 
The resulting transcripts, called protocols, formed the basis for the analysis. 
The analysis of these protocols has produced a descriptive model of the project study 
evaluation process, including the identification of the decision making processes, the 
decision rules, and the types of knowledge that are required to perform the task. 
Particular attention has been given to factors that differentiate among individual 
estimators. This research has helped in more awareness of this task. The results 
reported here should serve to simulate and facilitate research that further examines 
construction cost estimating decision making process and the nature of estimating 
expertise. 
Protocol analysis has provided an insight into the possible differences in the cognitive 
structures of estimators which need to be taken into consideration when developing 
future computer systems to aid estimators in their tasks. Also, the concepts of 
f checklists' used by estimators to achieve their goals and the existence of 'templates' of 
typical project characterstics would facilitate the development of such new systems. 
Finally, Chapter 2 described the estimating and tendering process and identified the 
principal tasks of the civil engineering estimator. The survey in Chapter 4 highlighted 
those tasks that estimators themselves considered critical and required a high level of 
expertise. These were: 
the selection of subcontractors; 
the analysis of the construction method and programme; 
the evaluation of the conditions of contract; 
the calculation of labour and plant costs; 
the assessment of the estimate and the evaluation of adjustments; and 
the assessment of allowances for risk and profit. 
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The project study exercise described in this chapter represents a hybrid combination of 
several of the above tasks. The success of this research proves that the technique is 
suitable for studying the high priority decision making tasks undertaken by the civil 
engineering estimator. 
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7.0 INTRODUCTION 
0 
As indicated in Chapter 4 many limitations of existing computer aided estimating 
systems could be overcome, by using expert system techniques. The development of 
expert systems was pioneered in areas such as medical diagnosis and military defence. 
Mohan (1990) has compiled a list of expert systems in the construction domain. Most 
of these were still in a prototype mode. Some large contractors' organisations are 
investing significant resources in the development of expert systems. However, 
because they are expected to offer a competitive advantage, their development is usually 
subject to high confidentiality. 
This chapter describes the development of a prototype expert system, ESVS, for 
selection of subcontractors. It provides estimators with the necessary assistance and 
advice on vetting subcontractors before inclusion in their tender lists. An overview of 
expert system concepts, potential applications in the estimating and tendering process, 
decisions and computations involved in selection of subcontractors, knowledge 
acquisition, structuring, the selection of tools, the representation of knowledge, testing, 
validating and using of the system are described in this chapter. 
In the description that follows it is assumed that the reader has a basic understanding of 
expert system techniques. A brief discussion of the basic concepts of expert systems is 
also presented in sections 7.1-7.3. 
\\,. /7.1 WHAT IS AN EXPERT SYSTEM? 
7.1.1 Definitions 
Based on BRE research experience in developing successful systems, Shaw (1989) has 
defined an expert system as: 
"A computer program that models the knowledge and reasoning process of a human 
expert in some well defined problem area. It is capable of making reasoned deductions 
and inferences for the user from the information supplied in response to questions. 
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Conclusions usually take the form of advice supported by a structured argument based 
on the particular knowledge that the expert system has applied in a given case. 
An expert system can be thought of as an extension to the concept of a computer 
database. A database contains simple textural or numeric information relating to some 
subject, whereas an expert system contains information plus the relationships between 
information items and the rules on how to apply the information in given 
circumstances". 
A simpler definition was given by Allwood (1989) as an expert system " is a computer 
program which will provide advice in a selected specialist field. The user will answer 
questions and will be led towards one or more recommendations. The questions are 
likely to be phrased in the jargon of the specialist field and the user will have the 
opportunity of asking the program how it arrived at its conclusion ". 
Various other interpretations and definitions of expert systems, also known as 
knowledge based systems, can be found in relevant literature. 
7.1.2 Characteristics Of Expert Systems k-ýý 
In the several definitions given for the term "expert system", the essential concept 
expressed is the use of the knowledge of experts to solve difficult problems. The 
fundamental characteristics of an expert system are identified in many articles by many 
researchers, for example Maher (1987) and Fenves (1986). However, it is worth to 
mention in this chapter some important characteristics of expert systems (Allwood et al. 
1991): 
they consist of a knowledge base, and a program to draw inferences from that 
knowledge base; 
the knowledge is represented in a form which non-programmers can understood 
and which can be easily updated and extended; 
they can explain their line of reasoning and justify their results upon 
demand; 
and 
where necessary, they can cope with uncertain data and knowledge. 
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7.1.3 Functions And Roles Of Expert Systems 
Hayes-Roth et al. (1983) have made a typology of the kind of tasks that an expert 
system can deal with. Table 7.1 presents a summarised typology of these tasks. 
Table 7.1. A typology of tasks for an expert system. (Source: Hayes-Roth et al. 1983). 
Category Problem Addressed 
Interpretation Inferring situation descriptions from sensor data. 
Prediction Inferring likely consequences of given situations. 
Diagnosis Inferring malfunctions from observation. 
Prescription Prescribing remedies for malfunctions. 
Design Configuring objects under constraints. 
Planning Designing actions. 
Monitoring Comparing observations to expected outcomes. 
Debugging Predicting remedies for malfunctions. 
Repair Executing plans to administer prescribed remedies. 
Instruction Diagnosing, prescribing and guiding users' behaviour. 
Control Governing overall system behaviour. 
The literature also revealed several roles for expert systems, this may include 
consultancy, checklist, training, refining expertise and as a communication medium. 
Examples of successful development of expert systems across a range of industries are 
reported in literature. For instance, an expert system known as MYCIN (Buchanan et 
al. 1984) was successfully used for diagnosing infectious diseases. Its success was 
based in its ability to solve problems at the level of an expert and to communicate easily 
with novice users. Another practical example was the development of PROSPECTOR 
(Duda et al. 1984) for interpreting geological information. Whilst a famous business 
application is XCON (Leonard-Barton et al. 1988) developed by Digital to check sales 
orders and designs the layout of each computer order it analyses. This has allowed 
Digital to ship most components directly to the customer site for final assembly, thereby 
eliminating the need for additional final assembly facilities. 
One of the systems developed by the U. K. construction industry itself and which is 
commercially available in the market is ELSIE (Brandon et al. 1988). The system 
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tackles an imortant area of decision making, the decision process prior to detailed 
design stage. It gathers information about the client requirements, and then provides a 
strategy which the client and design team would follow. Four modules have been 
developed within the system: Financial Budgeting, Procurement Form, Time Analysis 
and Development Appraisal. 
7.2 HOW AN EXPERT SYSTEM WORKS? 
. 
2.1 Architecture Of An Expert System 
The architecture of expert systems and detailed descriptions of different types of system 
may be found in texts such as Hayes-Roth et al. (1983) and Allwood (1989) and many 
other sources. Basically an expert system consists of four basic components: a 
knowledge base, a working memory, an inference engine, and a user interface as 
shown in Figure 7.1. 
Knowledge Base 
Rules - Variables 
Worldng Memory 
Facts 
Inference Engine 
Search Strategies 
User 
Interface 
User 
Figure 7.1. Main components of an expert system (Source: Klein et al. 1990). 
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Additional components needed to make the expert system more usable are an 
explanation facility, help facility, knowledge acquisition facility and an optional 
mechanism for handling uncertain information. 
7.2.2 Knowledge Representation 
A simple style of knowledge representation used is the "production rule" which has the 
form: If <antecedent> then <consequent>. 
For example, one rule for rejecting a subcontractor during the preliminary assessment 
stage is: 
If business 
- 
time is 'less than 2 years' 
and owner--experience is 'poor' 
then message = 2; say prelim-report; 
prelim-yetting-decision is 'done' 
A knowledge base will contain many individual rules such as this. Each rule is a 
separate entity so that rule order within the knowledge base should be of no 
consequence. Each of the clauses in the rule above references an object (e. g. 
"business-time") and a value as shown in quotes. Many objects will occur in a 
knowledge base and their common use in many rules creates a complex decision tree 
structure with many cross-connections. Choosing names for objects and phrases for 
values carefully is a key step in ensuring that the rules are easily comprehended. 
Rules are combined in rule clusters or blocks that constitute a branch of a decision tree. 
If the antecedent is satisfied, then the rule is "fired" and the indicated action taken, 
which is followed by either the examination of another rule or the termination of a rule 
block. Termination leads to the selection of conclusions or recommendations by the 
inference engine. 
Another method for representing knowledge is the "frame-based system", in which 
knowledge is represented as a network of nodes arranged in a hierarchy. Nodes that are 
low (or deep) in the hierarchy inherit the properties of higher order nodes. Each node 
represents a concept or object that describes its attributes and values. The specific 
attributes for a concept or object are stored in areas or slots. The values can be obtained 
form the firing of production rules. 
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The software to draw inferences from a knowledge base uses these rules to generate a 
consultation with a user. The rules are searched by a variety of methods, typically a 
combination of forward and backward chaining. The next section discusses such 
methods in detail. 
7.2.3 Methods Of Inferencing 
Klein et al. (1990) have described the inference engine as the control mechanism of an 
expert system. It puts the knowledge of the knowledge base into work to produce 
solutions. It decides which decision path should be followed on the basis of the 
evidence. For example, with a rule-based system, the inference engine decides which 
rules should be fired and it resolves any conflicts that occur if several rules are 
satisfied. There are two main approaches for using production rules; forward-chaining 
and backward-chaining (Oteffa 1989): 
Forward-chaining systems, also known as "data-driven" systems, do not start with 
defined goals. Instead, the system start with a set of facts and proceed to fire satisfied 
rules in a forward direction (antecedent first), continuing until no further rules can be 
invoked. 
Backward-chaining systems, also known as "goal-driven" systems, have a set of initial 
goals, such as finding solutions to a problem. The rules are invoked in reverse order, 
with the right-hand side (consequence) of the rules being examined to decide which 
rules are satisfied, i. e. are consistent with the evidence. Goals are proven or disproved 
until the "most-correct" solution is obtained. 
The latter method starts from a consequent such as that in the above rule (see section 
7.2.2), i. e. prelim - vetting-decision, and 
a search is made for the first rule which has 
that consequent. The separate clauses in the premise are then evaluated until the rule is 
proved true or false. Since any object in the rule may be evaluated by a question or by 
examination of further higher-level rules, it can be seen that a dynamic process of 
searching and questioning is involved. As data is obtained from the user, the forward 
chaining process ensures that all rules using that data are automatically updated and any 
consequents proved true as a result are also used for further forward chaining. 
The effect of searching is to cause the investigation of a minimum number of clauses to 
establish a result. It is important that the user is not asked questions which have been 
rendered unnecessary or irrelevant by previous responses. If a procedural language is 
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used, this must be achieved by the numerous IF .... THEN .... ELSE loops which make 
the program difficult to follow even for simple problems. As individual objects become 
used in a number of rules, an efficient representation in a procedural language such as 
PASCAL becomes exceedingly difficult to comprehend. Hence, the use of rules 
enables the knowledge to be ccded more rapidly and comprehended more easily by the 
expert. The subcontractor vetting system described in this chapter had knowledge 
which could be readily expressed as rules and was well suited to the use of expert 
system techniques. 
Both the questioning of the user and the drawing of inferences are provided by the use 
of an "expert system shell" program of which there are now many available 
commercially. A consideration of the criteria used to select a suitable shell for the 
vetting subcontractors application is presented in section 7.5.4. 
_.,, 
ZI. 3 DEVELOPMENT STAGES OF AN EXPERT SYSTEM 
The main stages involved in the development of an expert system are defining the 
system's objectives, choosing development software, acquisition of knowledge, 
prototype building, testing and installation in the user environment (Clifton et al. 1987). 
As indicated in Figure 7.2, the development process is iterative and several 
modification and testing cycles may be needed before the system is operational. 
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Define Objectives 
and Scope 
System 
Modification 
Yes 
mr- 
imiowledge 
Acquisition 
Build 
Prototype 
Evaluation and 
Testing System 
Analysis of Prob. I 
and Restructurina I 
Improvements 
Needed? 
No 
Operational 
System Maintenance Refinements 
Figure 7.2. Expert system development (Source: Clifton et al. 1987). 
Two particularly important steps are worth mentioning here in more detail; choosing 
development software; and knowledge acquisition. 
7.3.1 Choosing Development Software 
There are two major types of software available for developing expert systems : (1) 
general purpose artificial intelligence languages, and (2) development tools (Clifton et 
al. 1987). Lisp and Prolog are the most common Al-languages for expert systems 
development. Some systems have been developed using general purpose non Al- 
languages such as Fortran and Pascal, but the Al languages offer so many advantages 
in expert system development, that they are recommended by most experienced system 
developers (Waterman 1985). However, the use of any language in the development of 
an expert system involves a lengthy and costly process. 
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During the 1980s, many development tools became available, with over 30 shells being 
available for use on microcomputers in 1989 (Morris et al. 1989). A shell is, basically, 
an expert system to-which a knowledge base can be added by the system developer. 
Most shells have utilities to assist the developer in the representation of knowledge 
bases. Shells have greatly reduced the time and computing expertise required to develop 
expert systems. A brief description of the Leonardo expert system shell used in 
developing vetting subcontractor expert system prototype (ESVS) is given in section 
7.5.4. 
ý,, 
ý3-2 
Knowledge Acquisition 
Before an expert system can function as described, it must be fully supported by the 
expert knowledge. According to Trimble et al. (1988) there are various techniques used 
in acquiring expert knowledge, some of which are stated below: 
Review of Published Materials. This technique involves the collection and 
analysis of relevant public domain knowledge avaliable in texts, technical 
manuals, regulations and codes of practice. It helps the knowledge engineer to 
gain an elementary knowledge of the domain's breadth, depth and terminology 
in advance of carrying out further knowledge acquisition investigations. 
However, this material should not be allowed to prejudice the knowledge 
subsequently elicited from the expert. 
Unstructured Interview. In this technique the knowledge engineer does not have 
a list of detailed questions to ask. Rather, he or she asks spontaneous 
conceptual questions while the expert talks about the domain. For example, the 
knowledge engineer might ask the expert a question such as " What constitutes 
good vetting subcontractor practices? ". The technique has the great merit of not 
prejudicing the responses of the domain expert, thus less obvious points emerge 
that can be very important. It is, however, time-consuming and requires 
patience on the part of the expert. 
Structured Interview. This technique can achieve results quickly and is 
appropriate when the knowledge engineer is fairly confident of his or her 
understanding of the domain. Interviews can be broadly focussed or narrowly 
focussed. During a broadly focussed interview a knowledge engineer might 
pose questions such as " Describe the main factors affecting vetting 
subcontractor process? ". Whereas, during a narrowly focussed interview a 
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typical question would be " How do you assess the financial standing of a 
subcontractor firm? ". 
Iterative Prototyping. Since construction of an expert system is an iterative 
process, prototyping has much to recommend it particularly as each interaction 
can provide cues to prompt the expert in his thoughts about his intuitive 
knowledge. As with structured interviewing, however, there is a danger that 
less obvious points may be overlooked. 
Task Observation. This technique involves observing the expert while he or she 
is at work. Studying the experts implies the identification of goals, sub-goals, 
data to which they like to have access and the information they produce. The 
technique is seen as a beneficial approach in providing at least the initial 
evidence that the knowledge engineer will require in structuring the problem. 
Paper Models. The process of eliciting knowledge and coding it into a reliable 
system poses many difficulties. The expert is unlikely to express his knowledge 
in a form which resembles the coding, the knowledge engineer may not 
interpret and record the expert's ideas correctly, the coding may be at fault and 
the expert may overlook some facets of his own knowledge. 
In order to assist the knowledge acquisition process a detailed paper model 
illustrating the structure of the knowledge base can be valuable in discussions 
with the domain expert, since this can stimulate feedback and hence release of 
additional knowledge. 
Further discussion of the knowledge acquisition process can be found in Allwood 
(1989), Waterman (1985) and Welbank (1987). 
4.4 
EXPERT SYSTEMS IN THE ESTIMATING AND TENDERING 
xt PROCESS 
Chapter 4 revealed that existing procedural computer aided estimating and tendering 
systems have failed to prove themseleves totally acceptable to the industry's estimators. 
Whilst these types of system enable the estimator to use the computer as a filing 
system, calculator and report generator, they do not necessarily assist the estimator in 
the areas where his judgement is fundamental to the estimating and tendering process. 
This section provides an overview of an expert system approach to the process, it also 
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provides an extensive discussion of the benefits of such systems and identifies the tasks 
within the estimating and tendering process where expert systems may assist the 
estimator. In addition, some potential systems are presented together with their 
purpose, mode of operation , main design and practical development issues. 
V3/4.1 Domain Suitability 
Consideration of the knowledge domain and the role of 'the expert' in the domain of 
estimating and tendering for civil engineering works show that they satisfy the general 
criteria identified by Hayes-Roth et al. (1983) and Mason (1986) as being necessary to 
examine a specific domain's suitability to application of expert systems. The necessary 
criteria are: 
(a) Replication of application 
There should be numerous occurences of situations for which the choice of 
effective responses depends on a common body of knowledge and expertise. 
Of course estimating and tendering decisions are frequently taken as long as the 
contractor exists and thus satisfying the first criterion. 
Existence of expertise 
There are many complex problems for which there are no known experts and no 
identifiable body of expertise. As mentioned previously, estimating and 
tendering for civil engineering work is a highly experienced-based activity, and 
within all disciplines, of the civil engineering industry, there are numerous 
professional estimators whose accuracy is documented daily. 
(c) Articulation 
The relevent knowledge must be in principle articulated, i. e. the experts 
must be able to articulate and explain their problem solving methodology. 
The inherently algorithmic strategies used in estimating and tendering provide 
a fairly straight forward method that lends itself to adaptation in an automated 
environment. 
183 
(d) Scarcity of expertise 
If there are numerous occurences, articulable knowledge and identifiable experts 
but the expertise is commonplace then an expert system application is unlikely 
to be economical. However, there is a consensus of opinion that an estimator's 
job requires extensive expertise both within the estimating and tendering 
process, and within the different types of civil engineering works and the 
technical processes necessary to complete their construction. 
(e) Ageement on acceptable solution 
There exists widespread consensus on the majority of engineering practices that 
are used to formulate civil engineering estimates. 
(f) Cognitive skills 
Estimatoes tasks need very little physical skills. 
(g) The problem should not require commonsense or general world knowledge 
The proposed applications would be an expert assistants to a human estimator, 
who will be invited to intervene whenever commonsense or general world 
knowledge is required to continue pursuit of the solution. 
(h) Economic payoff of the potential system 
It is important to consider the extensive use of the proposed system(s), as the 
number of applications increases the average cost of application decreases, thus 
enhancing the economic feasibility of the proposed system. It is worth noting 
the substantial number of tenders prepared by contractors each year with only 
an average of 15% of the tenders submitted may be successful ( section 4.4.1). 
tW b ý- - 
Finally, although expert systems have been produced for budget estimating purposes 
(Twinch 1990), very little study appears to have been undertaken to date in developing 
knowledge based systems for contractors' cost estimating purposes. The use of expert 
systems in areas relating to contractors' cost estimating has centred around the 
development of systems for the selection of plant resources: Cooper (1987), and 
Bernold (1986) providing prototype systems, and Alkass (1988) producing a system 
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for the selection of equipment for earthmoving operations. Much recent research has 
been undertaken into the use of expert systems for project planning, Alshawi et al. 
(1989), Brisson (1987) and Morad et al. (1991). The development of expert systems 
for contractors estimating purposes may therefore be seen as both logical and desirable. 
ý-, -/7.4.2 
The Anticipated Benefits Of Expert Systems In The Process Of 
Estimating And Tendering 
Expert systems offer a multitude of benefits and opportunities to contractors' 
estimators. These may be summarised into three major types of benefit: 
the ability to react to changing client requirements; 
increased efficiency and quality of services; and 
overcoming human resources issues. 
Each of these are described briefly below. 
Clients are constantly examining new forms of procurement for construction services. 
Consequently contractors must be more flexible in the services they provide. 
Estimating departments will inevitably be required to expand their traditional estimates 
and provide different types of information. In a time of increasing degree of 
specialization, decreasing numbers of experienced estimators and increasing training 
costs, expert systems as seen by the author as providing contractors with the ability to 
respond quickly to clients' requirements. 
The response to clients' requirements should be, with the assistance of expert systems, 
be not only more immediate but provide better quality information more efficiently. 
Contractors will be able to provide quicker decision making, more informed decisions 
and expert advice on some construction aspects. 
Where estimators are in short supply, expensive or not readily available, expert systems 
will provide shared expert knowledge, a pooling of expert knowledge and 
insurance 
against the loss of human experts. 
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V 7/4.3 Identification Of Potential Estimator's Tasks For Expert System 
Application 
Based on the survey undertaken by the author and presented in Chapter 4, a decision 
matrix was formed to identify tasks within the estimating process where expert systems 
might assist the civil engineering estimator. Two criteria were used: 
Critical Tasks. These tasks which are important in the production of a 
good quality estimate with a high probability of success. 
2. High Expertise. Ilese tasks which involve a high use of an estimator's 
experience and expertise. 
The results of the analysis are presented in Table 7.2. Those tasks which scored 
positive values are seen to have a good potential for expert system application. These 
tasks together with potential expert systems to assist the estimator are described below. 
ýýX- 4.4 Overview Of Potential Systems 
A brief description of the possible mode of operation for potential expert system 
applications within the estimating and tendering process is as f6flows: 
7.4.4.1 Decision To Tender 
This expert system would help a contractor to decide whether to bid for each new 
enquiry received by the company. The economic benefits of the system would be 
based on the savings in the man time cost of the senior management currently involved 
in making these decisions plus the costs of abortive or misplaced tendering. The system 
should have one final goal which is 'to bid or not'. The knowledge base of such 
system would contain knowledge under the following main headings: 
client factors, such as credit worthiness, past working experience; 
project factors, such as details of the proposed project, past 
experience; 
resource factors, such as company workload, target turnover, 
availability of labour and plant; and 
(iv) market environment factors, such as the type of tender, and the 
number of bidders involved. 
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7.4.4.2 Materials Enquiries 
The importance of material costs was highlighted by Chadwick (1982) who presented 
data illustrating that materials represented 51% of the cost profile of the construction 
industry. Chadwick also showed that a small percentage cut in materials costs could 
bring sizeable increase in profits. For example a 2% cut in materials could increase 
profits by 14.6%, almost double that which could be achieved by a 2% cut in 
overheads. 
The estimating of material cost in any tender is, therefore, an important element and any 
extreme inaccuracy in their estimates is likely to affect the outcome of the tender and the 
profitability of the subsequent contract. Abdel Razek and McCaffer (1986) have 
defined the factors that cause variations in material costs; explained how wastage 
occurs; and attempted to provide guidance on how to obtain the 'real' costs of 
materials. Also, there is potential for the wastage rates to rise with the use of sub- 
contractors whose desire to complete the work as soon as possible is high. Thus the 
materials wastage allowance is likely to be a growing factor in the accuracy of an 
estimate. 
The proposed expert system would capture and store both the material supplying and 
expediting knowledge of senior employees who have had wide experience with the 
company's materials acquisition system, and the expertise of professional estimators 
who have established within their companies standards or norms for wastage of 
ateria s. 
7.4.4.3 Selection Of Subcontractors 
The task of selecting the right sub-contractor for a particular project is one of the most 
important tasks performed by an estimator. Whilst the contractor when awarded the 
contract may select a different sub-contractor from that preferred when the estimate was 
being prepared, the selection of a competent sub-contract whilst tendering will ensure 
the production of a feasible, technically correct programme of work. 
Subcontractor selection is a decision making process which, even after the introduction 
of a given set of criteria, remains partly an art, where subjective judgement, based upon 
the estimator's experience and expertise, plays an essential part. 
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The knowledge base of the proposed system would contain knowledge about the 
decision factors concerning selecting a sub-contractor, such as financial stability, 
experience, past performance, staff availability, references, and current workload. j 
7.4.4.4 Construction Method And Programme 
During the estimating process, it is important to consider the overall method of 
construction and to prepare a method statement. Varying construction methods make a 
substantial difference to the overall cost of construction of the project. Estimators 
endeavour to find the optimum method of construction in terms of time and cost. 
Although an operation may be completed at the cheapest sum, the method of carrying 
out the work may well affect subsequent operations, requiring them to be completed at 
a higher cost figure. 
An expert system could assist this task. Knowledge of previous contracts could be 
entered into a knowledge base, and by basing construction methods on various criteria, 
similarities with other projects could be determined and used in the consideration of the 
method statement of new project taking into account the most economical combinations 
of operations. 
Preparing a pre-tender construction programme is another critical task. It includes both 
the time analysis and the resource analysis of the work elements which comprise the 
project. The main objective of the proposed expert system would be to determine the 
project programme and resource allocation required to meet the client's requirements at 
a minimum cost. The system would incorporate databases to represent the structured 
hierarchy of activities and the formalised task precedance relationships and 'rules of 
th mb' knowledge used by experts construction planners to schedule their projects. 
7.4.4.5 Evaluating Conditions Of Contract 
Each different form of contract offers differing rights and obligations to each of the 
parties associated with that contract (Trimble et al. 1985). The type of construction 
contract and general conditions clauses have a major influence on the likelihood and 
degree of project success. Clients and contractors alike will benefit by taking a more 
discerning approach to the contractual arrangements of their projects. A comprehensive 
empirical study was conducted by Ibbs and Ashley (1987) to study the impact of 
various construction contract conditions. This revealed the major impact of contract 
conditions on six measures of project performance: costs, schedule, quality, safety, and 
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client and contractor satisfaction. An expert system would assist by advising the 
contractor as to his position under the contract with respect to: 
the rights and obligations of the contractor; 
the powers of the engineer-, 
construction changes, design changes, design research; 
workmanship variations, work scope definitions; 
definition of costs; cost reporting and control and schedule 
reporting and control; 
provisions as to sub-contractors; 
valuation and payments; and 
arbitration provisions. 
ýVX7.4.4.6 Analysis Of Resources And Calculation Of Labour, Plant And 
Site Overheads 
According to Warszawski (1985), the knowledge base of a proposed system should 
include the following components: 
representations of various types of project by means of 'frames', in 
terms of their hierarchical composition into elements and technological 
alternatives, and their production factors; 
inputs of production factors: labour, materials and plant per unit or 
work; 
prices of production factors; and 
rules for allocation of project overhead, depending on the nature of the 
project, its size, duration and other significant parameters. The rules will be of 
the type: 
if project is 'foundation works' 
and type of foundation is 'cast in place piles' 
and number of piles is 'between 100-200 piles' 
and construction time is 'between 2-3 months' 
Then add 5% for the overhead. 
The system's working memory will include all the pertinent information about the 
project to be priced. This may include a detailed list of quantities, and user's answers to 
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system queries. The inference procedure will consist, in this case, of sequential search 
identifying the various physical project components in the working memory and 
matching them with appropriate works, inputs and prices in the knowledge base. 
L, //7.4.4.7 Assessment Of The Estimate And Evaluation Of Adjustments 
When an estimate has been prepared, and prior to the submission of a tender, many 
aspects are considered before finally agreeing on a bid. A tender is discussed by a 
management group at a tender adjudication meeting, together with chief estimators. 
This adjudication panel will be responsible for the final decision about the tender 
submission. An expert system would have knowledge of management's thinking at this 
stage of tendering. This system's knowledge base will include: 
the factors affecting the adjudication of costs by management; 
the past bidding performance; and 
the relationship between the original estimate, the tender documents and the 
actual value and cost of a project. 
V7/4.4.8 Allowances For Risk And Profit 
A bid markup is an allowance for general overheads, risk and profit. It reflects the 
desirability of a project to the contractor. This task is characterised by the extensive 
judgement required and the lack of any formal structure. The objective of the proposed 
system is to determine this mark up. The system will include rules for allocation of 
overheads, depending on project size, budget turnover, marketing, etc; rules for 
assisting the estimator in evaluating the risks involved in the project and allocation of 
contingency allowances; and finally rules for profit margin determination 
based on 
various factors such as cost of capital, current workload and market environment. 
tý 1 -1ý7.4.5 Practical Development Issues 
This research confirms that estimating and tendering for civil engineering works 
is an 
experienced- based activity where estimators perform their tasks 
differently. In addition, 
existing computer aided estimating systems, although assisting the estimator with 
the 
tasks dominated by arithmetic calculations, have failed: to accommodate uncertainty; 
work satisfactorily with incomplete data; and allow estimators the 
full facilities to 
augment their expertise. Expert systems offer an opportunity as a tool 
for improving the 
decision making capacity of civil engineering estimators. However, the 
introduction of 
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expert systems within the estimating and tendering process will not take place without 
consideration of the following practical development issues: 
Is it possible to make estimators' articulate their knowledge? 
The empirical study presented in Chapter 6 reveals that civil engineering estimators are 
capable of articulating their knowledge and explaining their problem solving 
methodology. The technique of protocol analysis is suitable in assisting the knowledge 
elicitation process necessary for the development of expert systems. 
Are estimators going to accept expert systems produced with knowledge from 
another estimator? 
The question covers a number of separate problems. Firstly, will estimators accept 
expert systems that have been produced outside their organisation? Secondly, if the 
knowledge contained within the system is of such a general nature that it is applicable 
everywhere, it will be of limited assistance to a non-expert. Alternatively, if the system 
contains information specific to an individual company it may only be useful to that 
company. Fourthly, will one estimator be content to use the knowledge of another? 
Such dilemmas could be addressed through development of a'universal expert system 
shell' that includes all the domain knowledge of general nature which can be used by 
different companies and different individuals within the company. Tbis'universal shell' 
could be adapted to suit particular local environment of each company. 
Time and economic resources required to develop expert systems 
The issue of the time required to collate the organisation expertise needs to be 
considered before embarking on developing expert systems. Also, the development 
costs, for example whether to use shells or AI programming languages. However, 
Alshawi et al. (199 1) pointed out that relatively cheap development environments will 
be avaflable in the future. 
Human factor issues 
One of the hurdles in proposing expert systems as a solution is convincing estimators 
that you are not going to replace their jobs but rather assist them. Doubts and fears 
arising from the introduction of new computer systems are common in many situations. 
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The introduction of expert systems within a contractor's organisation will only be 
possible with: the total commitment of the senior management; more awareness of the /benefits 
of expert systems; formal training courses; and the creation of support groups, 
etc. 
The issues listed above are not considered to be exhaustive. The actual issues will 
depend upon their relative importance to each individual organisation. As with 
computer aided estimating in the past there will be barriers to expert systems 
acceptance. Work will be needed to overcome these barriers. 
The successful implementation of expert systems within the estimating and tendering 
process will only come about in addition to existing computer aided estimating systems. 
Figure 7.3 presents a self explanatory illustration of a conceptual model for such 
integration within an established computer aided estimating system. The basic concept 
of this model is to provide different knowledge sources working as potential aids to 
estimator's decision making. These sources are classified into two main categories: 
technical; and commercial. The technical knowledge source can be seen as self 
contained expert systems containing knowledge for different types of civil engineering 
works (e. g. concreting, piping, etc. ). By incorporating expertise into current computer 
aided estimating systems estimators would have the opportunity to automatically select 
resources required for the construction work held on data libraries of existing computer 
aided estimating systems to match different workloads and conditions. This would 
enable resource selection optimisation and assist estimators in their decision making 
tasks. 
j 
The other knowledge source incorporates commercial aspects of the estimating and 
tendering process. For example, it provides the estimator with the necessary assistance 
with respect to allocation of overheads, risks, etc. Throughout such large expert-based 
computer aided estimating systems it would be possible, if required, to transfer data 
automatically between different parts of the model. The model could also be widened to 
include a source of marketing knowledge providing information on the contractor's 
organisation marketing strategy, and could be linked to other IT systems within the 
organisation. As indicated in section 3.2.1.3, future software and 
hardware 
developments are anticipated to meet the basic requirements needed for building such 
large expert-based estimating systems. 
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LINK TO OTHER SYSTEMS 
-BOQsEDI 
- Project Planning 
- Cost Control 
CURRENT ESTIMATING SYSTEM 
- Construction Cost Databases 
- Coding Structure for "method/resource 
selection" Automation 
ESTIMATING TECHNICAL COMMERCIAL KNOWLEDGE 
KNOWLEDGE SOURCE SOURCE 
KBS1: EARTHEST KBSI: Decision to 
II 
Tender 
KBS2: CONCEST KBS2: Selection of 
Subcontractors 
KBS3: PIPEST KBS3: Evaluating 
Conditions of Contract 
--OFNNM- User Interface 
KBS4: PILEST I Cash Flow Simulation 
KBS5: ROADEST 
II 
KBS4: KBS5: 
Overheads Risk & Profit 
OTHERS 
KBS6: Assessment of the 
Estimate & Evaluation of 
Adjustements 
Figure 7.3. A conceptual model for expert-based estimating system. 
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,, .5 EXPERT SYSTEM FOR VETTING SUBCONTRACTORS (ESVS) 
To fulfil one of the research objectives, a prototype system from one of the potential 
applications discussed above was developed. In the domain of estimating and 
tendering, the potential value of such a system that would help a contractor or a client's 
advisor to vet subcontractors was recognised. This was considered as particularly 
important for contractors who provide a management contracting or a design and build 
service as the use of subcontractors is widely accepted, implying high cost for making 
selection decisions and of course the cost of wrong decisions are much higher. 
Therefore, it was decided to develop a system called ESVS to provide expert advice on 
the suitability of a prospective subcontractor. The remaining sections of this chapter 
presents an overview of the subcontracting process with its relevant decisions and 
computations, and describes the steps taken in the development of ESVS. 
ý_/7.5.1 Subcontractors: In Perspective 
Subcontracting works to specialist organisations is a widespread practice in the 
construction industry. This century has seen a rapid development of the specialisation 
of construction work, with a corresponding growth in work subcontracted to specialist 
firms. It is now estimated that at least 75% of the work is subcontracted, with the 
talents and expertise of the main contractor now being employed in an organising, 
wor'dinating and managing capacity (Confederation of Construction Specialists 1983). 
The trend reaches its logical conclusion with the introduction of 'management 
contracting' procurement form, where the main contractor acts solely as a manager of 
the project on behalf of the client and subcontracts all the contract work to specialist 
firms. 
Specialisation allows and encourages the concentration of expertise and technical 
knowledge and skill within a single corporate entity, and enables the specialist company 
to maintain, participate in and benefit from advances in its own particular specialised 
field. In terms of the organisation of construction work the use of subcontractor firms, 
where each concentrates on one particular specialised input to a continuing series of 
different construction projects, can help to maximise efficiency and to permit an 
economic use of resources, both at a micro-economic (individual project) level and also 
at a macro-economic (economy-wide) level. Subcontractors fall into two categories: 
domestic and nominateo. Each of these are describ(ed briefly below. 
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Domestic Subcontractors 
Domestic subcontractors are contractors who carry out work that the contract envisages 
being executed by the main contractor. However, for a variety of reasons, the main 
contractor may elect to sublet portions of that work to other parties. If he does so, he 
must-obtain the- -engineer's 
-permission 
in accordance with clause (4) of ICE Conditions 
of Contract, 6th- edition, unless the subcontractors are of the 'labour only' variety. 
Providing the subcontractors meet the engineer's approval, the choice of subcontractors 
and the method of selection rests with the main contractor. The main contractor remains 
fully liable to the client for the work and may not excuse himself by proving that bad 
work was done or delay caused by a subcontractor. 
ýý/l 
I 
Nominated Subcontractors 
A nominated subcontractor is a specialist subcontractor or supplier who is selected by 
the engineer. The engineer then instructs the main contractor to place an order with that 
preferred subcontractor. Although, the engineer has the choice, the final selection of the 
nominated subcontractor can be said to rest with the main contractor for clause 59 (1) of 
the ICE Condition 
, ýW 
Contract, 6th edition, states that the contractor shall not be under 
any obligatio Výo enter into any subcontract with a nominated subcontractor against 
whom he ýds reasonable ob: Jepd8n. 
/During 
the estimating and tendering process, an estimator must make numerous 
decisions which result in the success or failure of the entire project. The task of 
selecting the right subcontractor for a particular portion of work is one such decision. It 
is one of the most important tasks performed by an estimator. Time spent in ensuring 
effective selection can lead to benefits during the construction stage. Therefore, it is of 
paramount importance that prior to the selection process (based on lowest price), 
subcontractor vetting should be performed. A vetted subcontractor should be competent 
and able to execute the assigned work. 
Vetting, in this context, is a process of determining a candidatels competence or ability 
to 
-meet 
thqý sp&cific requirements for a task (Russell et al. 1988). Thus vetting a 
subcontractor involves the screening, by a contractor or a client's advisor, according to 
a given set of criteria to determine each subcontractor's competency to participate in a 
project. Vetting subcontractors, for inclusion in a tender list, is a decision making 
process which can be characterised as consisting of a wide range of criteria for which 
information is often qualitative and subjective. The process remains largely an 
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art, where subjective judgement, based on the individual's experience, becomes an 
essential part of the process (Nguyen 1985). 
The process of vetting subcontractors has received little research attention, even though 
it has been identified that in these competitive times estimators tend to rely on their 
vetting procedures in assessing the subcontractor's record (Abdel-Razek et al. 1987) 
and as one of the first steps that contractors must take to control subcontractors 
(Pearson 1974) and (Ndekguri 1988). This research work addresses this vetting aspect 
of specialist firms. 
7.5.2 Decision Criteria In Vetting Subcontractors 
'-" A generic logic is used in the subcontractor vetting decision making process. Figure 7.4 
presents a diagram representing this process. The complexity of a multicriteria decision 
problem can be approached by taking advantage of the inherent structure of the problem 
itself (Ahmad 1988). Arranging all the relevant factors of a problem into a hierarchy 
will help in combining all the subjective evaluations in a meaningful way and will also 
act as a safeguard against overlooking factors. 
'-, /ýnce a subcontractor is selected for evaluation, their characteristic data can reasonbly be 
assumed to be known. A review of most of the factors that are important for the vetting 
decision reveals it is of a certain nature, implying a deterministic decision problem. A 
binary choice situation, either select or reject is also characterising this problem. 
T e--altern it natives 
- -. 
select" -or 
"reject", the value or worth of the 
subcontractor must be known- to the decision maker. Worth assessment involves 
determining wor , 
th scores for single attributes and combining them into an overall 
worth score for a multi- attributed decision (Ahmad 1988). Sage (1977) listed the 
following steps to complete a worth-assessment procedure: 
\I- 
A list must be compiled of those factors in the problem that are important. It 
should be restricted to the performance objectives of the highest importance. 
Each of the performance objectives identified in the above step is subdivided 
into its lower-level constitutive criteria. This dividing process will result in a 
tree-type hierarchy that represents the decision maker's worth structure. 
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Figure 7.4. Flow diagram of the subcontractor vetting decision making process. 
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A weighted function is defined to indicate the perceived relative importance of 
satisfying one criterion with respect to satisfying other. Weights are assigned to 
each set of subcriteria such that the sum of the weights is unity. 
The weighted worth of each criterion is added to obtain the overaH worth of the 
option. 
Applying this worth- assessment technique to the problem of vetting subcontractors, 
folloWipgthe mcthOidology-adopted-by Ahmad (1988), a set of distinct, clearly defined, 
and important factors were identified to determine the overall worth of the vetting 
decision. The overall worth of the decision is the summation of the individual worth on 
each of these factors combined with their relative weights. The overall worth, thus 
determined, is compared with a threshold worth to determine the degree of desirability 
or the strength of the decision. The overall threshold worth is based on the limiting 
desirable worths on each of the factors. This limiting desirable worth is defined as the 
threshold worth of the individual factor. It is the cutoff point between the desirable and 
undseriable ranges of worth. 
The factors, representing major performance objectives in vetting a subcontractor are 
divided into eleven hierarchial groups (see section 7.5.5), as shown in Figure 7.5. 
They are: technical capability, management capability, capacity for new work, 
performance, resources, financial standing, industrial relations, contractual familiarity, 
safety, location and competitiveness. The lower-level criteria, or subcriteria, are 
grouped under each of these categories. This hierarchy of objectives implies that 
attainment of a lower-level objective contributes to the overall attainment of the higher- 
level objective, to which the lower-level objective belongs. 
The strength of the decision depends on the degrees of attainment of these objectives. 
The degrees are measured in terms of worth (or score) attached to each of the lower- 
level factors that represent the objectives. Then the scores are weighted with the 
normalised weights. Finally, the weighted scores are additively combined as follows: 
Total worth = Wl* S1 + W2 * S2 + W3 * S3 +... + Wn * Sn ....................... (1) 
where Wl,..., Wn = worth weight denoting relative importance of the factors; and 
jWi =i....................................................................................... (2) 
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Sl,..., Sn = worth scores subjectively assigned or determined for each of the 
influencing factors by the scoring function; and 0 <= Si <= 100. 
Worth weights are determined by an elicitation session with the expert and the worth 
scores are elicited from the decision maker on a 0-100 scale using lingustic variables. 
The scores obtained on each attribute, if it is not a "kill score" (i. e. a score which 
could make a subcontractor unworthy of further consideration), are multiplied by the 
corresponding weight and added to obtain the total worth. This total worth is then 
compared to a total threshold worth, as explained earlier. If the difference between the 
overall total worth and the total threshold worth is zero or negative, "rejectIf is 
recommended. If it is positive, a decision to ft select" is recommended and depending on 
the magnitude of the difference a srength of the decision is also indicated. 
The objectives hierarchy, as shown in Figure 7.5, and the worth- assessment model 
"" "'' "', ", 4"', described above have formed the -basis of ESVS decision making process. 
,, "7.5.3 ESVS 
A user who consults ESVS is asked a series of questions which are grouped under the 
main headings 'preliminary factors' and 'detailed factors'. In the preliminary section the 
system investigates seven goals which can lead to a recommendation that the user 
should either defmtely continue vetting or defintely cease vetting or the data provided is 
not complete and the system's needs the user's subjective opinion. 
If 'continue vetting' is applicable the system enters a scoring phase which build up an 
overall score for consultation on the basis of a weighted mean score from eleven groups 
of questions. The eleven goups are as follows: 
1 Financial standing. 
2. Technical capability. 
3. Performance. 
4. Management capability. 
5. Capacity for new work. 
6. Availability of resources. 
7. Location. 
8. Health and safety. 
9. Contractual familiarity. 
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10. Industrial relations. 
11. Competitiveness. 
Within the system each factor is allocated a desired value between 0 and 100 determined 
from discussions with the experts. This values are then compared with another set of 
values, called 'worth values' derived from the characteristics of the candidate 
subcontractor under consideration. At the end of a consultation ESVS calculates an 
overall consultation score between 0 and 10 and displays an advice based on that score. 
The user can then examine the rules which led to the displayed advice, to find how the 
system selected it. Figure 7 6. shows a flow chart representing ESVS program 
structure. r 
The statistics of ESVS are that it has 253 rules, 259 objects and 30 procedures. It takes 
approximately 10 minutes for a consultation. 
ý), O rý (- 
7.5.4 A Development Tool For ESVS ýýYýJ ý 
ESVS was implementated using the Leonardo expert system shefl. This was considered 
suitable for the research because: 
(i) It is on a PC computer and be capable of handling efficiently a knowledge base 
of few hundred rules. 
It has an attractive user interface enabling questions to be presented clearly, be 
answered by menus and to provide extra explanation to a user if requested. 
(iii) It could be used with little training and is easy to learn. 
Ov) The rules are easily understood by engineers and users who do not necessarily 
have previous computer experience. 
This last requirement was considered particularly important because of the need to liase 
closely with the users to test the system. It has many facilities other than those defined 
above. One such facility that was found useful for testing purposes was that of keeping 
a log of a consultation and storing it as a file. 
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Figure 7.6. A flow chart representing ESVS program structure. 
An overview of Leonardo is presented in this section to introduce the concepts involved 
in the development of ESVS. More details about Leonardo can be found in Leonardo 
expert system shell user guide and reference manual (Creative Logic 1988). 
Harrison (1989) has reported the main features of the Leonardo package as follows: 
(a) The knowledge representation. 
Leonardo rules are of the if .. then sort, the 'if part composed of tests combined 
with 'and! and 'or. The allowed operators are: " is, is not, are, are not, =, <>, 
<, >, <=, >=, includes, not include, not includes, not exclude, not excludes ". 
The addition of noise words like " the, a, an, its, do, does " make the language 
very readable. For example: 
If quality-performance is 'below average' 
then kill-value is'not applicable'; 
oper bv = 20 Ir - 
The conclusion part of the rule has statements separated by'; ' which can set 
values forobjects' (e. g. quality-performance is an object which has the value 
of 'below average), run procedures (a procedure may be used to perform 
mathematical calculations; to access database files; and run external programs), 
put up screens, cause questions to be asked and display conclusions. 
Every 
object has an associated 'frame' which collects together all pertinent 
information 
about that object (see Figure 7.7). 
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object Number : 37 Name: capacity 1-Nov-91 16: 56 
------------------------------------------------------------------------------ 
1: Name - 
2: LongName: 
3: Type. 
4: Value; 
5: Certainty: 
6: DerivedFrom: 
7: DefaultValue: equal 
a: FixedValue: 
9: AllowedValue: much Iess, 11-ass, equal, high, much high 
10 : Forbidunk: 
11 : Computevalue; 
12 OnError: 
13 QueryPrompt: Select one answer and press RETURN. 
14 QueryPreface: 
15 Adequate capacity to add this project to the subcontractor's current 
16 work portfolio is of paramount importance. A relationship between 
17 current obligations (i. e. amount of uncompleted work under contract) 
18 : and the resource base of a candidate subcontractor determines his 
19 : available capacity. 
20 : 
191 : What is your assessment of the amount of the 
22 : subcontractor's cuurent uncompleted work relative to the 
23 : subcontractor's workload last year? 
24 : Expansion: 
25 : Commentary: 
26 : Introduction: 
27 : Conclusion: 
Figure 7.7. An Example of Leonardo's object frame. 
'Me Inference engine 
Leonardo's inference engine is " backward chaining with opportunistic forward 
chaining". This means that it is basically backward chaining, and forward 
chaining is carried out whenever appropriate. When the inference engine is 
trying to find a value for a particular object to satisfy a test in backward 
chaining, it uses the following sequences of possibilities : 
(1) From the object's 'Fixed value slot'(see Figure 7.7). 
(2) From a rule in the current rule set that sets the same value as used in the 
test. 
(3) From a rule in the objecf s rule set that sets the same value as used in the 
test. 
(4) From a rule in the object's rule set that sets any value. 
(5) From a rule in the current set that sets any value. 
(6) From the object's 'Compute value slot'(see Figure 7.7). 
(7) By a asIcing a question if allowed. 
(8) From the object's 'Default value slot'(see Figure 7.7). 
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Forward chaining is applied whenever a rule set is entered. It terminates if the 
'object' owning the rule set is given a value. Forward chaining is also carried 
out in the current rule set when an 'object' is first assigned a value. On 
returning to a previous ruleset, forward chaining may take place. 
(C) The Editor 
The Leonardo editor gives the user the facililties necessary to create and edit 
rules for the knowledge base, and to edit information into the object frames. 
(d) The Screen-Based user interface 
The screen-based user interface uses default screens for questions and 
conclusions, which is ideal for building a system rapidly. Help text on the 
question screen can be added using the appropriate slots in the object fi-ame. 
(e) Check and Execute Functions 
Leonardo converts the raw knowledge base to a format which can be used by 
the computer, and any expert systems are run in the 'Compiled' format. 
(f) File Functions 
Leonardo provides facilities for maintaining the knowledge bases stored on the 
computer. 
7.5.5 Knowledge Acquisition For ESVS 
This section describes how the process of knowledge acquisition for ESVS was 
undertaken. The following steps were followed: 
Analysis of public domain knowledge. A review of the recorded knowledge in 
published materials (textbooks and technical journals) has familiarised the 
author with the domain's depth, breadth and terminology. This has provided 
much of the core knowledge for the system. The initial data was analysed and 
classified into eleven decision factors groups (see Appendix D). 
Structured Interviews. This closely followed the above step, an interview with 
an identified domain expert working for a major Design and Build construction 
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company was carried out. Such systematic questioning of an expert on specific 
procedures and shortcuts using a preplanned question list (see Appendix D) has 
helped in addition to the knowledge base of more specific domain information. 
The primary objectives of these interviews was to refine the knowledge 
acquired from the published materials, to gather relative weighting of the 
decision factors involved in the vetting process, and to define the basic 
questions the expert would put to a user at the start of a consultation and the 
range of possible advice he would consider at the end. 
Paper Model. To help the expert understand the developing knowledge base, 
simple knowledge diagrams illustrating the links established by the rules 
between the questions and the goals were used (see Figure 7.12). The value of 
these diagrams was twofold. Firstly, they enabled the coding to be discussed 
with the expert in a detailed manner, providing a valuable check on the whole 
process of converting his knowledge to coding statements. Secondly, the ability 
of the eye to scan rapidly across the diagram provided an opportunity for the 
expert to see the scope of the knowledge he had expressed. During the 
discussion with the expert, his views were noted and the model was modified 
accordingly. 
Iterative Prototyping. Since expert systems naturally develop in a step-by-step 
manner, early versions of the prototype was avaliable for trials by users. This 
has ensured that the intermediate displays of how a result was obtained or why 
a question is being asked are acceptable to the users. The way in which the final 
advice is laid out was also scrutinised by users at this stage. All these 
prototyping exercises produced useful comments and criticisms which resulted 
in improvements to the knowledge base. 
\ý 7.5.6 Knowledge Analysis And Representation For ESVS 
Before coding the knowledge gained during the acquisition process set out 
in the 
previous section, an analysis of the problem and some preparatory was undertaken. 
In 
the conceptual design of ESVS, a preliminary vetting decision and final vetting 
decision 
stages were considered. In the preliminary stage, the system has one goal which 
is 
prelim-Vetting_decision' with three possible answers: continue vetting, stop vetting 
and unsure. The detailed stage also has one goal which is 'final-vetting-decision' with 
eleven possible answers, e. g. don't select and select. (see Table 7.3). 
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,ýý, Table 7.3. List of 11 possible answers within goal 'final-vetting-decisiont. 
Final Message Advice 
1 Don't select this subcontractor 
2 Select (Score: lowest possible) 
3 Select (Score: low) 
4 Select (Score: slightly below average) 
5 Select (Score: below average) 
6 Select (Score: average) 
7 Select (Score: above average) 
8 
9 
10 
11 
Asking Questions 
Select (Score: high) 
Select (Score: very high) 
Select (Score: exteremly high) 
Select (Score: superior) 
The next stage was that of identifying the preliminary and detailed questions. Allwood 
(1989) reported at least four aspects to this stage: 
(a) What questions should be included in each set? 
In the prototype system ESVS, a set of seven preliminary questions were formed (see 
Table 7.4). The objective of these questions is to act as an early screening system 
against employing uncompetent subcontractor. Another set of thirty-four detailed 
questions were formed (see Appendix D) with the overall objective of selecting the 
most competent subcontractor. 
(b) How can we ensure they are asked in appropriate order? 
To ensure that these questions are asked in order, a list of the objects in the anticipated 
order in which they are to be evaluated was followed. Also, the main searching of the 
anticipated answers was prevented until all preliminary questions are asked. This 
control is further illustrated by the following rule taken from ESVS: 
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If prelim-questions are 'done' 
and prelim-yetting-decision is 'done' 
then prelim-task is 'completed' 
Table 7.4. Preliminary questions of ESVS. 
How do the candidate subcontractor's business partners evaluate his recent 
performance and reputation? 
Has the candidate subcontractor ever been disqualified from bidding for work by a 
governmental agency? 
Does the candidate subcontractor have a reputation of engaging in illegal or fraudulent 
activity? 
Has the candidate subcontractor failed to complete a contract? 
How long has the candidate subcontractor been in business under his present name? 
Does the candidate subcontractor have experience in similar work? 
What was the candidate subcontractor's largest similar work (in pounds) completed in 
the last 5 years? 
(c) What help, if needed, can the user be given to answer the question? 
Leonardo provides extensive facilities to the knowledge developer to type in an 
appropriate 'help' text and the user can have this displayed on the screen if desired 
before answering the question, by simply pressing the function key <F7> (see Figure 
7.8). 
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Has the candidate subcontractor ever been disqualified 
from bidding for work by a governmental agency? 
If unknown, select 'No'. 
Seiect one answer and press RETURN. 
: Yes: : Disquaification could be for a criminal conduct, 
: No : : discrimination, or for other activities not 
HMM( : acceptable to local or national government. 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
Credit ratings determine how well the candidate subcontractor meets 
external financial obligations, which in turn gives an indication of 
whether the subcontractor is experiencing cash-flow difficulties or 
has assumed excessive debt. 
For More information on sources for credit evaluation please press 
function key (M. 
What is the candidate subcontractor's credit rating? 
Select one answer and press RETURN. 
ImmmmmMmt%fmmMmII, * 
: Unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
HMMMMMMMMMMMMM( 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
Figure 7.8. Example of questions with an aPPrOPrate 'help' text. 
How can the answers be checked for consistency? 
ESVS knowledge base includes rules to check consistency in the answers of the user to 
the preliminary questions. For example, a user answering that 
disqualification_record is 
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'No', and in the same time answering that fraud 
- activity 
is 'Yes', will be warned that 
there exists an inconsistency in his answers (see Figure 7.9). 
This stage was followed by formulating the text of the questions to be put to the user. 
There are several points to be born in mind when considering both the question and its 
possible answers (Allwood 1989): 
(a) The user must find the question easy to answer. 
(b) The answer will appear in the rules which must also be easy to understand. 
(c) Questions with a'menuof answers or a numerical answer contain far more 
information than questions with a simple yes/no answer. 
This can be further illustrated by the following example taken from ESVS: 
Object name: Past-Performance 
Question: How well has the subcontractor performed on past projects of this type? 
Possible answers: Unsatisfactory 
Below average 
Average 
Above average 
Outstanding 
This allows writing propositions such as: 
If past-performance is 'unsatisfactory'; or 
If past-performance is'below average'; or 
If past-performance is faverage; or 
If past-performance is 'above average'; or 
If past-performance is 'outstanding'; which can be easily understood. 
It is important to choose the object names and their related answers carefully to retain 
comprehensibility of the knowledge. A full list of the object names, their related text 
questions and possible answers for ESVS knowledge base can be found in Appendix 
D. 
Also, a "kill" value, which corresponds to the minimum possible score was constructed 
for each factor. The subcontractor is unworthy of consideration if any of the factors 
obtain a worth below its "kill" value. For example, a user answering that 
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qu ity-performance is 'unsatisfactory', then the system wouid spontaneousiy 
consider the subcontmctor under consideration as unworthy and a reiev= message will 
be displayed to the user. Figure 7.10 shows an example of a kill-report message. 
In the answers you have given there appears to be an inconsistency: 
When the disQuaiification record is 'No' we would expect the 
subcontrnotor not to be involved in any fraud activities. As both 
attributes are related to each other. 
Both questions will be asked again (once oniy) for you to re-consider 
your answer. 
Hit any key to continue 
Figure 7.9. Exampie of consistency report. 
Selecting this subcontractor involves high risk as one 
of 
his attribute iS equal to what we call the 
kill--yalue which 
in this case is h is poor record of safety performance. 
Hit any key to continue 
Figure 7.10. Exampie of a kiU report message. 
Knowledge Base Structure 
The final stage was to determine the intermediate steps which lead from the questions to 
the correct goal. Identifying these sub-goals is an important step in the analysis of the 
knowledge and in the determination of a logical structure to the knowledge base. ESVS 
has two in te stages. Ilie first was a preliminary assessment, for each candidate 
subcontractor, of its suitability or not for the work according to the answers specified 
by the user to the preliminary questions. Figure 7.11 shows dia . ally this 
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stage leading to the subgoal, 'prelim 
- vetting-decision', 
being given the value 
11 continue" or "reject" or "unsure". The second stage is a detailed investigation of the 
competency of the candidate subcontractor by asking further specific questions and 
running six procedures to perform the necessary algorthimic calculations based on 
linear decision model hypothesis (see section 7.5.2). This leads to the sub-goal 
'final-message' being set to a value between 1 and 11. Figure 7.11 shows that only 1 
rule relevant at this stage to the final result of "final-message" = 6. 
The final step is that of selecting the optimum advice as already shown in Table 7.3. 
The rules for this step use the values of "strength - 
decision" and the objects "algorthim" 
and "detailed-questions"' determined in the previous steps. Figure 7.11 shows that one 
rule out of eleven lead to the result of "final-Message" = 6. 
To show in more detail the knowledge base of ESVS, we illustrate the rules which lead 
to the case of "final-message" =6 being selected as the recommendation. Figure 7.12 
presents a diagrammatic illustration for the selected case. The recommendation is 
reported to the user by a display such as is shown in Figure 7.15. 
I 
7.5.7 Testing And Debugging The Knowledge Base Of ESVS 
With Leonardo 
Initially, using Leonardo's check facility, all rules have been checked for correct 
syntax. If an error was found, checking paused and an error message was displayed. 
Such errors was then corrected using the Leonardo editor, and the knowledge base was 
then checked again. The next step was checking for typing errors which may well cause 
extra unwanted objects to appear or stop the action of a rule, and eliminating these at 
any early stage can save much time. 71is was achieved mainly by preparing a list of the 
object names, their related text questions and their possible answers (see Appendix D) 
to help in checking typing errors. Also, Leonardo provides an effective tool for 
checking rules as for each object it can display all the rules which 'use' the object in an 
antecedent clause or which are 'used' by the object appearing in a consequent clause. 
The knowledge base was tested in sections as each new information was coded. 
Incremental development is a valuable feature of expert systems allowing an early 
demonstration to grow into a useful system. Two further facilities of Leonardo were 
used; a 'trace' facility to help in tracking the route taken through the test; and a 
'log' 
facility to provide a print-out of a complete consultation to help in identifying problems 
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during a test run. Each goal and sub-goal of ESVS was separetly tested to check that 
the system asks each question in the order expected, that there are no unnecessary 
questions to be asked, and that the system reaches the goal or subgoal undertest. 
7.5.8 Validating And Evaluating The Knowledge Base Of ESVS 
The role of validation is of paramount importance if expert systems are to be used in 
live situations with people relying upon their advice. Yet, Green et al. (1987) have 
reported that expert system validation has (with few exceptions) been adhoc, and there 
is still no accepted methodology for conducting validation studies. But previous 
examples of validation exercises provide guidance on advantages and disadvantages of 
alternative approaches. For a detailed information about validation problems and 
techniques, see O'Keefe et al. (1987). 
As a part of ESVS validation exercise, the system was driven by imaginary test cases 
and their results were examined by the domain expert for comparison. Although the 
number of test cases used affects confidence in the system, the key issue is how well 
they reflect the domain. NIinor adjustements have been included in the system as a 
result of such exercise, however it seems that this type of validation has contributed in 
gaining a greater appreciation of the structure and limits of the expertise modelled by the 
system. Also, the need for testing the system with real test cases has been highlighted, 
however no attempt was carried out due to the limited time and resources available. 
Another, important part of the validation process was putting the printed knowledge in 
front of the domain expert along with simple diagrams to show its structure. This has 
helped the domain expert in his confirmation that his knowledge has been correctly 
represented. 
In the course of evaluating the knowledge base of ESVS, the system was fully 
demonstrated to collaborating estimators'at their place of work. The results of this 
evaluation exercise were very encouraging (see Appendix D). The advice given by the 
system and the scores for individual subcontractors were in general similar to user 
expectations. A number of detailed comments were made about the wording of the 
system's questions and this is clearly an area which needs careful attention 
during 
system development. 
In general, the estimators considered that the system would provide an unbiased 
assessment of a subcontractor and that it would be valuable to 
have this available to 
compare with their own more subjective views. Also, the system 
forced them to think 
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about all aspects of selecting a subcontractor, some of which they would tend to 
overlook. One estimator was keen to have a copy on his own computer so that he could 
have free access to it. This would enable him to fully evaluate the system and ensure 
that "company" specifics to be included. A more senior estimator was more critical but 
saw a role for the system as a training tool. He made some perceptive comments about 
its use in practice. In particular he considered the assumption behind the system was 
that an estimator would obtain the details of a subcontractor and then decide whether to 
include him in his tender list or not. In practice, both work opportunities and 
subcontractor details tended to evolve over a number of months. The estimator would 
have to interact with the subcontractor throughout this period and could not wait until 
most of the information was available before running ESVS and hence deciding 
whether to include him. 
These comments are valuable because they reinforce similar findings in other domains 
that correct identification of the role and the users of a system prior to development is of 
extreme importance. 
Another senior estimator pointed out a practical development issue, which is integration 
with existing systems. He suggested that where a computer user has an existing 
database on subcontractor performance the selection system should be capable of 
linking up with the database and using the information available. This is clearly an 
important issue that system's developers should address. 
The final stage in this evaluating phase was to ask for the opinion of young 
construction professionals. Participants in the evaluation experiment were 10 
postgraduate students with prior knowledge of subcontractor selection and 7 
postgraduate students with no previous experience in subcontractor selection. 
These 
volunteers used the system for an imaginary case and were asked to comment on the 
system's suitability for assisting in the task of selecting subcontractors, and their ability 
to understand the text of questions, of messages and the results 
displayed. Table 7.5 
presents summary of results. 
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Table 7.5. ESVS user evaluation - Summary of results. 
System's Suitability 
Yes No V. Satisfied Satisfied Dissatisfied 
Group 1 (N = 10) 
Prior knowledge 
of subcontractor 
selection 
9(90%) 1(10%) 0(0%) 9(90%) 
Group 2 (N = 7) 
No Prior Knowledge 
of subcontractor 
selection 
6(86%) 1(14%) 1(14%) 6(86%) 0(0%) 
Total (N = 17) 
7.5.9 Using ESVS 
15(88%) 2(12%) 1(6%) 15(88%) 1(6%) 
Consultation with ESVS takes the form of a question and answer session tem-finating in 
a conclusion. The user is asked a number of relevant questions until the system has 
sufficient information to be able to give advice or make a decision. During the course of 
the consultation, the user can access explanation or help facilities to assist him in 
making accurate replies to questions asked. The system is also able to check the 
answers input by the user, and take suitable action such as issuing a warning message 
if the input value is unusual. It is also possible for the user to return to an earlier stage 
of the consultation, to examine the effect on the conclusion of variations in replies made 
to questions, or to view particular display screens, without having to rerun the whole 
program. 
Users Of ESVS 
The envisaged users of ESVS are as follows: 
I. Estimating Departments in Construction Companies 
User Friendly 
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By using an expert system approach, the proposed system can aid the estimator in 
selecting the best subcontractor for a particular job or enabling him to exercise his 
power under clause 59 (1) of ICE Conditions of Contract, 6th edition, for reasonable 
objection of nominated subcontractors. 
2. Contract Adminstration Staff in Consulting Firms 
ESVS would help consulting firms to investigate the subcontractor's capabilities as a 
step towards their evaluation and nomination for undertaking construction work. Also, 
it provides them with a tool for approving domestic subcontractos according to clause 
(4) of ICE Conditions of Contract, 6th edition. 
3. Subcontractor Firms 
Using ESVS can save subcontractor tender costs if he is not competent for this 
particular job. It would help subcontractor firms to optimise the rate of return on their 
money by not spending resources on projects they are less capable of performing 
efficiently. 
Insurance Companies 
By using ESVS, insurance companies can maximise own profits by minimising the risk 
of subcontractor failure to execute the work. 
7.5.9.2 Example Of A User's Session 
A selected print-out from a user's session is presented in Figures 7.13-7.15 that 
illustrates an imaginary case of running the knowledge base of ESVS. In the session, 
the user was requested to select the most appropriate answers, then based on the 
information provided by the user, the rules were fired, the algorthimic procedures were 
run and ESVS recommended the suitable vetting decision with respect to the 
subcontractor under consideration. Note that a user can request an explanation of 
both 
questions and of recommendations. A complete print-out for this user 
demonstration 
session can be found in Appendix D. 
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Figure 7.13. An exn---, ie of questions asked by ESVS- 
(1: Denotes user response) 
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Please Wait. as the system searches througn its knowisage Izame for a final decision. 
Hit any key to continue 
From the information that has been provided the system can recommeno for You the following decision: 
It La Possible to seLect thL8 subcontractor. As a measure of the 
strength of thLz decision. a desirability score has boon caiCuiatOd- 
In this case, the score is 5 out of a maximum Possible '"I" Of 10' 
AS YOU can ase, thLa is an average score. 
HLt any key to continue 
FrInally. it is recommenced that the user examine the consistuncv 
betWoon the given decision to select (with its relevant desiraoilitY 
ScOra) and the input data. You can use the function KeY (F9) 
to Log your answers and get a print copy from it. 
PlOaae use function key <F2) to return tO LbOnardo menu. 
FKevus I H0102 QuLt 4 HOW? 
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Figure 7.14. An exampie of ESVS recommendations. 
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Figure 7.15. An exampie of 'How I type questions. 
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J7.6 
SUMMARY 
An expert system is a computer program which can provide advice similar to that of a 
human expert in a selected specialist field. This chapter has briefly reviewed the concept 
of an expert system; what is it?; how it works?; and the development stages for such 
systems. 
The domain of estimating and tendering for civil engineering works is experienced- 
based, and consequently a suitable area for using expert systems. This chapter has 
presented an overview of an expert system approach to the process. The purpose, mode 
of operation, main design and practical development issues of potential systems were 
also discussed. 
Finally, this chapter describes the steps taken in the development of an expert system 
prototype for the task of selecting subcontractors. The decision factors involved in the 
subcontractor vetting decision making process were represented in the form of rules 
and relationships within a microcomputer- based expert system shell. This shell, 
Leonardo, has helped both in the development of the system and in simplifying 
maintenance. The feedback from the demonstrations of the system confirmed that such 
a system could be of considerable use in the complex area of estimating and tendering. 
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(CiElkipulEIR B 
(CONCILUSIONS AMID IRIECOMMIEHUDAUJOH3 
IF(DIR TUIRITIEIIEIR IRIESIMIRCE 
8.0 CONCLUSIONS 
This research concentrates on construction professionals who are practising a career in 
estimating, a key management function within construction companies. In order to 
ensure a better understanding of the nature of the estimator's job and the application of 
new technology to meet his needs, the research objectives were formulated as follows: 
(a) To examine the decision maldng processes of professional estimators when 
undertaking the tasks within the estimating and tendering process with particular 
reference to identifying how contractors' estimators arrive at the key decisions 
relating to the task of performing a project study evaluation. 
(b) To investigate the current use of computer aided estimating systems (CAE) 
within civil engineering companies and to ascertain how effectively CAE 
systems meet estimators' requirements. 
(c) To assess the information that can assist in understanding the nature of the 
estimator' s job, the human factors in estimating and help in the development 
of selection criteria and career development programmes for estimators. 
(d) To examine the potential of expert systems in assisting construction estimators 
working within contractors' organisations to produce accurate and reliable 
estimates for construction projects. 
The main conclusions derived from this work are summarised under the following 
headings: 
Decision making in the construction cost estimating domain. 
Estimator's tasks and CAE systems survey. 
Career development, attributes required, knowledge and skills of civil 
engineering estimators. 
An expert system for vetting subcontractors. 
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8.0.1 Decision Making In The Construction Cost Estimating Domain 
This research has presented a detailed descriptive analysis of the decision making 
processes of the civil engineering estimator with particular reference to a project study 
evaluation exercise - This has provided insight into the following areas: 
The study of estimators' professional expertise. 
Expert vs novice decision making in estimating. 
Implications for estimating practice. 
Implications for the development of expert systems. 
Experimental and analysis aspects of the protocol analysis technique. 
Each of these areas are discussed below in detail. 
8.0.1.1 The Study of Estimators' Professional Expertise 
This research has demonstrated that professional estimators operate within a hierarchy 
of goals. They attempt to achieve strategic goals by establishing a series of tactical 
goals, which in turn are accomplished through a series of operational goals. Within this 
context, three major aspects of estimator behaviour deserved special attention: the 
information search strategy, the vehicles used to guide the information search and the 
task-specific knowledge. 
Estimators' information search strategies differ along two directions. The first 
dimension characterises what drives the selection of information. Directed search 
describes the case where the estimator wants a specific item of information; in a 
sequential search the next item selected is the next one on the page. The second 
dimension characterises the case with which the search is interrupted or halted, in order 
to achieve a new objective. Estimators using an active strategy quickly change 
objectives, whereas estimators using a methodical strategy insist on completing the 
current goal before starting a new one. 
Estimators in the sample primarily used directed search. However, sequential strategies 
were also used by some estimators (see section 8.0.1.2). An important reason why 
expert estimators use direct strategies is that they have learnt which information items 
are most likely to provide clues regarding the project to be constructed. They have 
developed a mental checklist and they simply target these items. Estimators use 
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sequential strategies as a safeguard or when they are uncertain of the type of 
construction. 
When their information search strategy is interrupted, estimator behaviour varies 
considerably. Faced with such a situation both active and methodical estimators 
successfully completed the evaluation. The active estimators tended to do this faster. 
However, if speed is a criterion of successful performance active directed strategy 
appeared to be particularly preferable. 
The research identified two different vehicles that were used to provide the direction to 
the search: the checklist and the theme. Almost all estimators used some form of 
checklist, particularly at the beginning of their evaluation. The specific content ranged 
from a handful of key indicators, to a considerable list of document sections. This 
checklist driven strategy is usually being followed by formulating the first theme, 
which then acts as the main guiding force driving the search. The estimators' strategy 
then becomes attempting to develop further the theme. 
The final aspect of estimating expertise, one that played a major role in the descriptive 
models, was the nature of the task-specific knowledge. The protocols strongly confirm 
the existence of construction templates, memory structures that accumulate a major part 
of an estimator's experience. Construction templates are complex structures that contain 
a variety of knowledge: industry- specific standards of what is acceptable, pictures of 
typical project characteristics, typical problems of that type of project and ready made 
solutions to such problems. 
8.0.1.2 Expert Vs Novice Decision Making In Estimating 
The various protocol representations that were developed during the protocol analysis 
phase provide structured 'pictures' of decision making behaviour at various levels of 
detail. These pictures now can be used to compare individual decision makers. By 
comparing novices with experts in the sample, the following main conclusions were 
obtained: 
At the global level, all subjects use similar decision making processes. However, a 
more detailed examination reveals that there exists a difference between novices and 
expert estimators, as shown by the relative frequencies of specific processes. Novice 
estimators repetitively collate information and then summarise on a general basis. 
Experts on the other hand frequently follow up on specific observations. Moreover, 
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experts regularly summarise the results and formulate hypotheses. Such reasoning 
phases further direct the decision making process. The result is that experts use a much 
more varied mix of decision making processes. The sequencing of the experts' decision 
making processes is also much more complex and lacks the repetitive character of that 
of the novices. 
All estimators initiate a project study to evaluate the intended construction work. This 
project study task can be decomposed into three phases: (1) examination of 
information, (2) integration of observations and findings, and (3) reasoning (The 
phases are not necessarily continuous and may be executed in almost any order). The 
research results indicate specific differences in terms of strategies, decision making 
processes and information usage in each of these phases. 
The phase of examination is defined as the process of analysing the presented 
information and selecting only those data which promise to be particularly relevant for 
further evaluation. Both expert estimators and novices appear to translate the presented 
information into qualitative terms. Both use similar processes to do so. The process 
mix, however, differs, with the experts relying more heavily on "rules of thumb". 
Novices employ a passive, sequential strategy, whereas the experts rely on a structured 
checklist to guide the evaluation. The experts examination behaviour is complemented 
by two additional processes, which are not widely used by novices. One is the directed 
search process, and the second is the development of a 'feeling' for the project. 
Experts develop such a feeling to provide a framework against which individual 
observations are compared. 
The second phase of project study involves integrating observations and findings into 
e an internally consistent structure, whether it be a simple, chain of causes and eff cts, or 
a complex, model of the project. The integration process of the novices is one of 
linking together findings that explain each other. Findings that do not explain each 
other simply are not linked together. Consequently, potential contradictions in the 
findings are ignored. Expert estimators on the other hand, consistently focus on 
potential contradictions, as an efficient means to examine underlying problems. 
The reasoning phase includes at least the formulation of the final evaluation. This 
typically occurs at the end of the project study. In addition, reasoning is used during the 
analysis, in order to summarise findings, to formulate hypothesis and to develop leads. 
The most significant differences between novices and experts project study behaviour 
occur during this reasoning phase. For novices, reasoning appears to mean deciding on 
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selecting which observed fact represents the main problem. For expert estimators, on 
the other hand, it is an attempt to develop a picture of what is going on. Expert 
estimators employ a number of tools in this phase that are less frequently used by the 
novices: (1) Experts summarise groups of related findings thereby eliminating the need 
to keep track of the individual findings, (2) experts formulate hypotheses, and (3) 
experts use a list of typical problems. This list facilitates the analysis in a number of 
ways: it transfers part of reasoning to recognition, which is psychologically a much less 
demanding, and much faster process. It also expresses the analysis process into more 
generally used and therefore more accessible terms. Finally it generates additional leads 
for further conf=*ation and evaluation. 
8.0.1.3 Implications For Estimating Practice 
The results of this research provide some preliminary information on the ways 
estimators actually deal with complexity, ambiguity and uncertainty. They also suggest 
that an important opportunity for improving the decision making process among 
practising estimators by allowing members of the estimating profession to evaluate their 
individual decision models relative to one another. They provide a blueprint for a new 
approach to the training of estimators. It remains for future research to extend these 
findings among practising estimators, perhaps comparing decision models across 
different stages of careers and in different projects. The outcome of such studies need 
not be merely descriptive. Establishment of project-based models, for example, might 
provide the basis for interactive interventions designed to reveal individual estimators' 
decisions models in comparison to a project model. Such training will provide (1) 
valuable insights into estimators decision making processes; (2) increased awareness 
among the decision makers of their specific decision biases; and, as a result, (3) a basis 
for at least partially overcoming the effects of such bias. 
/ 8.0.1.4 Implications For The Development Of Expert Systems 
As with the development of any expert system the development of an 'expert' system 
for contractors' estimating requires the study of experts to identify all aspects of their 
work. Although the tasks within the estimating and tendering process are well 
documented (McCaffer et al. 1991a), there is a particular need to identify clearly how 
contractor's estimators arrive at the key decisions relating to the production of an 
estimate. The research undertaken has show n, as with other types of decision making 
systems, that it was necessary to identify the large number of selective heuristics that 
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enable experienced estimators to quickly reduce the number of possible resource 
solutions to a short list of feasible alternatives that require further analysis. 
However, the development of an expert system demands more than the identification of 
such heuristics and the inclusion of other task-specific knowledge. The criteria for the 
design of such systems include consideration of: 
the intended users of the system; 
the type of use of the system; 
characteristics of the knowledge base; 
sources of knowledge; 
problem representation and solution strategy; and 
individual characteristics. 
Decision making knowledge is an asset to expert system construction because such 
knowledge contributes to many of the design aspects listed above. This research has 
shown that protocol analysis contributes to the development of expert systems by: 
assisting in the knowledge elicitation process; 
clarifying the solution strategy; and 
_ 
highlighting the characteristics of individual experts. 
Each of these are described briefly below. 
The technique assists in the knowledge elicitation process for bulding expert systems 
by identifying knowledge that has been used to complete the task (see Section 6.3.8-2). 
Knowledge inferences extracted from thinking-aloud protocols provide an excellent 
starting point in building a knowledge base. They may be followed by in-depth 
interviews to build upon existing knowledge and to test and review knowledge 
representations. 
The study of subjects' protocols provides the knowledge engineer with a considerable 
knowledge on the decision making process of the different experts. The knowledge 
engineer would then evaluate the different representations and solution strategies and 
determine the appropriate decision making process that could be incorporated in the 
system. 
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The various protocol representations that are developed during the protocol analysis 
phase provide structured 'pictures' of decision making behaviour at various levels of 
detail. These pictures may now be used by the knowledge engineer to compare 
individual decision makers (see Section 8.0.1.2). This would assist the knowledge 
engineer in identifying and incorporating the cognitive needs of intended users of the 
system. 
8.0.1.5 Experimental And Anal sis Aspects Of The Protocol Analysis y 
Technique 
The work undertaken by the author has shown the following important aspects of 
experiments using protocol analysis: 
1. The tasks chosen for the subject to perform must be realistic, succinct tasks that 
are readily achievable within the time period. 
2. The tasks must be undertaken on a single observer, single subject basis. The 
presence of other parties distracts the subject and leads to cross conversation. 
3. There is normally some difficulty in getting subjects to fully verbalize their 
actions and thoughts. This may require the observer to 'comment over' the 
verbal protocol as the experiment proceeds. 
4. The subject often feels the need to explain their thoughts, add additional 
comments on company policies or 'educate' the observer on their actions. 
5. It is unrealistic to expect experts to perform the task at their normal rate of 
working and verbalize their thoughts and actions at the same time. 
Of the above aspects the last is perhaps the most important. Experts usually work 
rapidly to assess information and make decisions based upon their view of the data 
provided. If experts are required to completely verbalize their thoughts and actions as 
they proceed this may, depending on the task, disrupt their work and present an 
unrealistic view of their decisions. Alternatively the methodology would not be 
appropriate if the researcher was having to incorporate notes from his own records into 
the analysis. This problem has previously been recognised by Ericsson and Simon 
(1980), who, whilst indentifying this aspect of the technique, concluded that, asking 
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decision makers to verbalize whatever comes up does not affect the decision making 
process. 
The full analysis of the verbal protocols and the comparison of these protocols between 
different subjects is both time consuming and labour intensive. This means that the 
number of subjects requested to undertake the same task is normally in the region of 5 
to 10 persons. The task selected must also be suitable and typically take no more than 
one hour to complete. Whilst the coding of the topic lines and the tabulation of the 
frequencies of each code is straightforward, the identification and classification of the 
goals is more difficult and sometimes subject to the interpretation of the researcher. For 
this reason it is suggested that researchers work in pairs and discuss in detail the 
analysis of the goals. The use of more than one researcher to independently review the 
verbal protocols also prevents research bias. As found by other researchers (Bouwman 
1978), the author found that a full comparison of each of the subjects tested with every 
other subject is impractical. In order to identify a typical model of the estimator's 
project study task it was therefore decided to compare a selected protocol with that of 
other protocols which clearly indicated significant differences in either the approach to 
the task or the time spend in completing the experiment. 
8.0.2 Estimator's Tasks And CAE Systems Survey 
With respect to the general tasks of the estimator the main conclusions to be drawn 
IC. - - from this research are: 
Estimators' experience and expertise is the single most important factor in the 
production of any accurate estimate. 
Of the fourteen main tasks within the estimating and tendering process the 
following tasks require a high level of expertise from the estimator: 
the selection of sub-contractors; 
the analysis of the construction method and programme; 
the evaluation of the conditions of contract; 
the calculation of labour and plant costs; 
the assessment of the estimate and the evaluation of adjustments; and 
the assessment of allowances for risk and profit. 
The development of individual expertise in estimating is a viable approach 
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to improving estimating performance. Understanding the nature of 
estimators' expertise: how they acquire both heuristic and analytical 
knowledge; and how this expertise is used within the estimating and 
tendering process is critical to contractors' organisations. 
The results of the research have the following implications for those concerned with the 
development of computer aided estimating systems: 
Although CAE systems have been effectively implemented in many civil 
engineering companies their benefits are limited primarily to the arithmetic 
functions relating to the estimators tasks. 
To be effective CAE systems need to aHow human judgement to be exercised 
over their processes. The use of expert judgement in estimating is unavoidable 
and desirable. New CAE systems should be seen as an intelligent assistant to 
estimators, rather than automating the thought process followed by human 
estimators. New systems will be more easily implemented in companies if they 
are based on existing system structures. 
Based on the above issues, it is evident that expert systems can offer a 
route for the improvement of such systems. The following tasks within the 
estimating and tendering process are suitable development areas for expert or 
knowledge based systems: 
the decision to tender, 
material enquiries; 
the selection of subcontractors; 
construction methods and Programme; 
analysis of resources, and calculation of labour, plant and site 
overheads; 
evaluation of the conditions of contract; and 
the assessment of the estimate and the evaluation of adjustments and 
contributions. 
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8.0.3 Career Development, Attributes Required, Knowledge And 
Skills Of Civil Engineering Estimators 
From the research the following main conclusions are evident: 
The typical career pattern of the civil engineering estimator includes experience 
of construction on site at a number of supervision levels followed by a long 
service within estimating. Whilst career progression within the estimating 
department is expected, other aspirations of career progress are modest. 
The selection and recuritment of estimators within a contractoes organisation 
should take consideration of the 'profile' of the typical civil engineering 
estimator. The measures used in chapter 5 to assess estimators would prove 
useful in screening and selecting candidates for programmes that train personnel 
for estimating occupation, as well as determining who among these trainees 
may perform most effectively after graduation from these programmes. 
Civil engineering contractors and specialist recruitment agencies for 
construction can use such tests as an ad unct to the interview process. i 
Personality tests take out the 'personal chemistry' which is inevitable in an 
interview situation, and can be used to check whether the interviewer's 
assessment is accurate and provide points of discussion if the impression 
of the interviewed candidate does not tally with the test results. 
The three main areas of deficiency in estimator' s education were: computer 
awareness; commercial aspects and methods of work and planning. 'Mese 
deficiencies remain despite the fact that some educational instituations are 
anxious to meet the needs of future estimators. 
Estimators have a clear perspective as to their current and future knowledge 
needs. The primary current knowledge needs are construction methods and 
technology, and planning. Future knowledge needs are almost 
identical with 
the only significant changes the anticipated need for knowledge of 
information technology, marketing and company strategic planning. 
Contractors' organisations should ensure that their estimators 
have significant 
knowledge of subjects not necessarily within their functional responsibility. 
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These subjects should include as a minimum: finance; corporate strategic planning; quality assurance; and law. 
Contractors' organisations must be prepared to release estimators for 
education and training. This will benefit both the individuals concerned and their organisations. 
Maximising the benefits of IT will only occur with a workforce that 
understands the technology. This can only be achieved through education and training in IT issues. First, there is skills training which should ensure that individuals are sufficiently literate to take advantage of the new technology. Secondly, competence training which relates business issues to the application 
of IT. Thirdly, behavioural training which is necessary to ensure that individuals and organisations have the necessary attitude and interpersonal 
skills to cope with the changes associated with implementing new technology. 
Short term employment of staff within the estimating department should be a 
normal part of an employees career development and promotion. 
Estimators' dissatisfaction stems from the status of the estimating department 
and the impact of marketing decisions made within the company without prior 
consultation with the estimating department. 'Me resolution of these problems 
requires consideration of organisational. issues. 
Whilst estimating is a primary function of the contractor's organisation. It is 
depended on interaction with other functions such as planning and site 
management. Therefore, a parallel investigation of the other major functions 
within a contractor's organisation should be carried out to provide 
comparative data and assistance in the setting of objectives for 
the improvement of estimating and tendering within the contractor's 
organisation. 
8.0.4 An Expert System For Vetting Subcontractors 
Chapter 7 of this thesis described research aimed at developing an expert system to 
assist the civil engineering estimator in performing one of his tasks; selection of 
subcontractors. The research has incorporated the relevant decision factors that need 
to be considered when selecting a subcontractor. Factors such as the 
financial 
standing of the firm, past performance, management and technical capabilities 
have 
been represented in the form of rules and relationships within a microcomputer-based 
expert system shell. The following main conclusions were reached with regard to the 
development of the expert system prototype for vetting subcontractors: 
This prototype subcontractor-selection system is more useful than the 
hardcopy information that it is based on because: it guides the user to the 
relevant factors; presents the user with relatively simple questions, a step at a 
time; and allows feedback from the user. 
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The developed system has demonstrated its ability to assess the data relevant 
to subcontractor selection, and to recommend the suitable vetting decision 
with respect to the subcontractor under consideration in a user friendly 
manner. This was particularly helpful to users unfamiliar with the civil 
engineering estimator's tasks, as the user can request an explanation of both 
questions and recommendations provided by the system. 
The potential of the system is clearly evident. The results of trials with users 
indicated that the concept provides a disciplined method of transferring 
knowledge and expertise to young and untrained construction professionals. 
The system can be used as a tool in selecting the most appropriate 
subcontractor firm by those with little knowledge in the domain and even with 
little knowledge on computers. Even for experts themselves, the system 
could be used as a datum in obtaining the quick selection of subcontractors 
from whom to request an estimate. 
ý-f 1 FURTHER RESEARCH 
At the end of conducting this research programme, new avenues for understanding 
better the nature of the civil engineering estimator's job and improving the 
. C. P - effectiveness and efficiency of the estimating and tendering process have been 
recognised as needing further investigation. These are briefly discussed as f6flows: 
This research records whether or not companies are using a computer aided 
estimating system, however it does not indicate the extent of the use, which is 
likely to vary considerably within the range of companies surveyed. The 
extent of, and the reasons for, non-use of a computer aided estimating system, 
where a company has already installed it might prove most enlightening. The 
results could support or amend the list of issues summarised under item 11, 
section 4.4.3. 
Personality tests do not test competence for the job, but can help to discover 
whether an individual has the requisite qualities and if he or she will 
fit in the 
culture of the organisation. However, prior to employing these measures 
for 
screening and selection purposes within a discrete population, additional 
research should be undertaken to determine the reliability of these results. 
Such research should utilize using a larger sample and include conducting 
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cross-occupational comparisons, for example with planners or project 
managers. 
The project study data presented in this research was chosen because of its 
general nature which it was considered would be recogniseable to all types of 
civil engineering estimators both expert and novice. However, further research 
should be undertaken using data from specialist subject areas (e. g. Tunnelling) 
to confirm the application of research results in specialist areas of construction 
work. 
Given the importance of the checklist concept it seems crucial that further 
research identify the content of individual checklists and attempt to develop 
standard checklists to be used in training estimators. Checklists have been 
widely used in medicine as a part of the educational process (Hull 1972). 
Also, as task- specific knowledge is a key to expert estimators' decision 
making then research aimed at identifying the contents of these templates, 
particularly of those professionals who are considered the best in their field is 
critical. 
Research aimed at employing the technique of protocol analysis to aid the study 
of decision making in other tasks within the construction industry is desirable. 
Examples of these could include for example: the review of project programmes 
by planning engineers, the assessment of project risk by senior management 
and the review of detailed design by structural engineers. 
The research environment where an expert system is developed differs 
from the 
user environment. An expansion of ESVS knowledge base to produce 
full 
operational package is desirable. Other identified tasks of estimators are areas 
in which expert systems should provide significant benefits. 
Prototype systems 
in these areas should be developed and their application tested. 
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CIVIL ENGINEERING 
LOUGHBOROUGH, LEICS. LE11 3TU UK. 
TEL: 0509 263171 TELEX: 347282 FAX: 0509 610231 
Direct Dial: 0509 22 
19th January 1990 
To: The Estimating Department 
Attention: The Chief Estimtor 
Dear Sir, 
LOUGHBOROUGH 
ýýD. 
J Lm 
ST 
%a &. a 
I) 
L-1 L. J 
OF TECHNOLOGY 
Like most companies, you will be aware of the availability of computer aided estimating 
systems for civil engineering estimating. Like most companies, you might be uncertain 
as to the true impact of these systems upon the estimator and the actual use being made 
of such systems throughout the industry. 
I am currently undertaking a survey of civil engineering companies to determine the true 
impact of computer aided estimating upon the estimating profession. Your assistance in 
this research will be invaluable. 
Please complete the attached questionnaire which seeks information on computer aided 
estimating and its effect upon the estimator's expertise. Then, using the envelope 
supplied, return the questionnaire directly to me. The data you supply will be treated 
with the strictest confidentiality. No data on individual companies will be disclosed 
either within the Department of Civil Engineering or outside of the university. 
T"his, research is probably the most comprehensive survey yet undertaken with respect to 
the use of computer aided estimating by the civil engineering estimator. Should you 
require a copy of the survey results please complete the attached sheet and I will be 
pleased to forward you a copy. 
Tlianking you in anticipation. 
Yours sincerely 
s/ 7 
Mr Sherif Otiefa 
Research Assistant 
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LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 
DEPARTMENT OF CIVIL ENGINEERING 
Survey of Estimator's Tasks and Computer Aided Estimating Systems 
Please tick the appropriate box where applicable 
1. General Information on your Company 
1.1 What is your total annual volume of work? Mill. 
1.2 How many tenders do you prepare each year.? 
No. of Tenders 
1.3 What is your average success rate in the tenders submitted? 
Average success 
1.4 How many estimators does your company employ? 
No. of Estimators 
1.5 What do you think is the most important issue in the Estimating and 
Tendering Process? (Use a ten point scale: 1 indicating low importance, 
10 indicating high importance). 
a) Estimators experience and expertise 
b) Information about the market environment 
Appropriate estirnating procedure 
d) Others (Please specify) 
1.6 Do you use a Computer Aided Estimating System? 
Yes No 
1.7 If 'No' please give a brief explanation why? 
II 
II 
II 
II 
If you answer'Yes to Question 1.6 please complete sections 2 and 3. 
If you answer'No' to Question 1.6 please complete section 2 only. 
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Estimators Critical Tasks 
Table I below shows the tasks within the estimating and tendering process. 
2.1 Please review each task shown in Table I and indicate in Column I the 
importance of the task in the production of a good quality estimate with a high probability of success. (Use a ten point scale: I indicating low 
importance, 10 indicating high importance). 
2.2 Each task in Table I consists of both an arithmetic operation and the use of 
estimator's expertise. Using columns 2 and 3 rate the importance of these 
aspects to each task. (Use a ten point scale: 1 indicating low importance, 
10 indicating high importance). 
2.3 Do you consider that existing computer aided estimating systems assist 
you in the tasks listed in Table 1? Please indicate Yes or No in the 
appropriate column 4 or 5, for each task. 
Table 1. Rating the Estimator's tasks 
1 2 3 4 5 
Task Weighting Arithmetic Experuse 
Factor Rate Rate Yes No 
Decision to Tender 
Tender Preparation Programme 
Preliminary Project Study 
(including budget price) 
Materials Enquiries 
Selection of Sub-Contractors 
Construction Method 
and Programme 
Conditions of Contract 
Evaluation 
Calculating Labour and Plant 
Costs 
Analysis of Resources 
Calculating Site Overheads 
and on Costs 
Cash Flow 
Assessment of the estimate 
and evaluation of adjustments 
Allowances for Risk and Profit 
Writing up the bill for 
Submission 
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3. Computed Aided Estimating Systems 
3.1 Which type of Computers do you use for your CAE system? 
Micro Mini Mainftame 
3.2 Which CAE system are you currently working with? 
a) Standard CAE packages 
b) Specially designed systems tailored to your needs 
3.3 How long did it take you to learn your system? 
a) Less than 1 month b) Between 1 to 3 months 
C) Between 4 to 6 months d) More than 6 months 
3.4 What proportion of your staff time is spent working with the system? (Please tick one box in each row) 
Clerk 
Estimator 
Manager 
Computer 
Specialist 
Under 10% 11-25% 26-50% 51-75% Over 75% 
___ I1 I1 1I 1 
II II II II II 
II II II II II 
II II II II II 
3.5 Please indicate the extent to which you are content with the following 
aspects of your system. (Please tick one box in each row). 
Very Very No 
Satisfied Satisfied Dissatisfied Dissatisfied View 
Compatibility 
with other systems 
Accuracy 
Speed 
Flexibility 
Understandability 
User friendly 
Functionality 
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Please expiain the nature of any difficulties you may have experi 
with the system. I 
nenced 
3.6 Is your CAE system operation fast enough to meet the estimators timescales? 
Yes No No view 
3.7 Do you think that your computer aided estimating system has helped you 
in the decision making processes within estimating and tendering? 
Yes No No view 
3.8 Do you think that your system works satisfactorily with incomplete data? 
Does it handle uncertainty? 
Yes No No view 
3.9 Do you feel that the system could be modified better to suit your worldng 
requirements? 
Yes No No view 
3.10 If 'Yes' please give a brief explanation. 
3.11 Do you have the opportunity to make suggestions to improve the system? 
Yes No No view 
3.12 If 'yes' how often are these suggestions acted upon by the software 
supplier? 
Never Rarely Often Most of the time 
3.13 As an experienced estimator what is your overall impression of the services 
offered by existing CAE systems? What are the most important things that 
should be done to improve the use of Computers in your area of work? 
T"hank you for your help with this research. 
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ESTIMATORS' TASKS AND COMPUTER AIDED ESTIMATING 
SYSTEMS -A SURVEY OF FCEC MEMBER COMPANIES 
A SUMMARY OF THE SURVEY RESULTS 
Mr. S. A. Oteifa 
MAY 1990 
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1. THE BACKGROUND TO THE QUESTIONNAIRE 
Most moderate sized civil engineering contracting organizations have been usin-gy 
computers to process their payroll and accounts for many years. Until the 1980's few organizations had considered in detail the use of computer-aided 
estimating. During the last decade the proliferation of computer aided estimating 
packages on the market, together with the reduction in real terms of computer 
processing power, has presented civil engineering estimators with the 
opportunity to adopt computer aided estimating techniques. 'nuoughout this 
period the debate on the use of computers within the estimating and tendering 
process has continued. Whilst enthusiastic converts and systems suppliers 
claim the advantages of computers, others doubt whether systems will ever be developed that will meet the demands of the estimator. It was against this 
background that a decision was undertaken to full survey all the members of the Federation of Civil Engineering Contractors to discover the key elements within 
the tasks performed by the estimator and how weH the present generation of 
computer aided estimating systems met these tasks. 
2. THE QUESTIONNAIRE 
A questionnaire was developed, tested and then forwarded to the Estimating 
Director/Chief Estimator in all the 350 members of the Federation of Civil 
Engineering Contractors. A copy of the questionnaire is included in 
Appendix A. 
This questionnaire was divided into several sections. "Me first section was 
designed to collect background information about each of the responding 
companies. Ile second section of the survey asked each respondent questions 
relating to the main tasks within the estimating and tendering process; the 
importance of arithmetic operations in the performance of these tasks; the use of 
estimator's expertise and experience in the completion of these tasks and 
whether existing computer aided estimating systems assisted the estimator in the 
performance of the tasks. 
In the third section of the survey those companies using computer aided 
estimating were asked about their system's features. This included-all -aspects 
of-hardware, software, training, support-and whether the systems met 
estimators needs in decision making, and handling uncertainty. (One objective 
of the authors being to identify whether the tasks of the estimator were suitable 
for the application of Expert or Knowledge Based Systems). 
The questionnaire forwarded to the contractors was both detailed and lengthy. 
A total of 83 questionnaires were returned, (23.7%). Six questionnaires were 
invalid for various reasons. Thus a net 77 responses were evaluated 
representing a total of E2.7 billion annual turnover. 'Me response generated 
reflects the high level of interest in this subject area. 
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3. THE ANALYSIS OF THE QUESTIONNAIRE 
The responding companies were divided into three categories: small, medium 
and large based upon their annual turnover- 
- Small: less than; E5 million, (24.7% of the respondents) 
- Medium: between E-5 miilion and E50 miilion, (48% of the respondents) and 
111ý 
- Large: above E50 million (27.3% of the respondents) 
Any analysis of the survey results was done on the basis of the total number of 
respondents and then divided into the three categories. In this way trends for 
both the industry in general and for each size of company could be established. 
Where the respondents were asked to rank the most important issues in a 
process, their replies were analyzed to show their strength of feelings on the 
issue. (Me strength of feeling was calculated by using a coefficient based upon 
their score for the issue divided by the total score for all issues). 
THE MAIN FINDINGS OF THE SURVEY 
4.1 General Information About the Respondents 
I. 'Me average success rate in tenders submitted was 15%. 'Mis 
was the same across each category of company, small, medium 
and large. 
2. The number of estimators employed by the companies varied as 
shown in Table 1. /-J- 
Ile main factor contributing to the Production of an accurate and 
reliable estimate was acknowledged to be the estimator' s 
experience and expertise. This ranked well above information 
concerning the market environment, appropriate estimating 
prmedures and other contributory factors. 
4.2 'nie Use of Co=uter Aided Estimating 
1. Overall some 56% of respondents used some form of computer 
aided estimating system. The division of this result is shown in 
Table 2. 
2. Those contractors who were not using computer aided estimating 
were asked to give a brief explanation why. Their main answers 
are listed below: 
6ýetjld high costs involved; especially to small contractors-, 
lack of knowledge and experience about using 
computers; 
existing systems are building orientated; 
time taken to input initial information; no time savings; 
no such system that can cope with the wide variety of 
civil engineering tenders: 
requires additional staff, no manpower savings; 
systems do not easily cope with different forms of 
tender. 
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Table 1. How many estimators does your company empioy? 
Analysis of Responses by Annual Volumes 
Response Small Medium Large Total, 
(2) (3) (4) (5) 
0-2 17(89%) 16(43%) 0(0%) 33(43%) 
3-5 2(11%) 11(30%) 5(24%) 18(23%) 
6-10 0(0%) 9(24%) 10(48%) 19(25%) 
11-15 0(0%) 1(3%) 4(19%) 5(6%) 
15+ 0(0%) 0(0%) 2(9%) 2(3%) 
Total 19(100%) 37(100%) 21(100%) 77(100%) 
Table 2. Do you use a CAE system? 
Number of Responses by Annual Volume 
Response Small Medium Large Total 
(1) (2) (3) (4) (5) 
Yes 3(16%) 23(62%) 7a (g 1%) 43(56%) 
No 16(84%) 14(38%) 4(19%) 34(44%) 
No response 0(0%) 0(0%) 0(0%) 0(0%) 
Total 19 37 21 77 
a: of these respondents, 2 (9%) are commissioning their systems at the time 
of the survey. 
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reliability of the systems: still they need to perform a 
manual checking procedure: and 
existing systems do not follow the human estimator's 
thought process. 
3. Those contractors who were using computer aided estimating 
systems were asked to comment on their suitability to their tasks 
and other factors relating to the performance of the system. 
Their responses are given below: 
3.1 Existing CAE systems have in the main failed to assist 
the estimators in an effective way to improve their 
performance with the exception of two basic tasks: 
calculating labour and plant costs, and the analysis of 
resource requirements. See Table 3. + 0 
3.2 With respect to the type of hardware used for CAE, 63% 
used micro-computers, 23-To used mini computers and 
10b used mainframes. As would be expected smaller 
companies used only micro computers. Mainfi=e 
computers were used exclusively by larger companies. 
eýj ý 
3.3 S =dard application packages were used by -62% of the 
companies. '111is left 38% using some form of bespoke 
system. (This figure was higher than expected). 
3.4 30% of the respondents took more than six months to 
learn the system once it had been introduced into the 
company. (For the smaller companies this figure rose to 
67%, probably indicating the time available for learning 
the system). 
3.5 'Me majority of managers within an estimating 
departmentý (70%) only used the system for 10% of their 
time. With respect to estimators time: 
67% of estimators in smail companies spent 10% 
or less of their time; 
40% of estimators in medium sized companies 
spent between 51% and 75% of their time; and 
47% of estimators in larger sized companies 
spent between 51% and 75% of their time. 
/V'O 1r " "/ Y 
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3.6 More than half the companies (54%) were dissatisfied 
with the flexibility of their systems. 42% were 
dissatisfied, 12% very dissatisfied. This view extended 
across small, medium and large orgranizations. 
Computer Aided Estimating Systems continue to have the 
central problem of dictating to the estimator the method 
of woricing and the procedures to be followed. 
3.7 61% of the companies are satisfied with the functionality 
provided within their systems. 19% were dissatisfied 
and 16% very dissatisfied. Discontent was highest 
amongst smaller contractors organizations. 
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Table 3. Do you consider that existing CAE systems assist you in these 
tasks? 
Analysis of Responses 
Estimator's Tasks Yes No 
(1) (2) (3) 
Decision to tender 0(0%) 69(90%) 
Tender preparation programme 9(12%) 61(79%) 
Preliminary project study 29(38%) 41(53%) 
Materials enquiries 34(44%) 36(47%) 
Selection of sub-contractors 21(27%) 49(64%) 
Construction method & programme 22(27%) 48(62%) 
Conditions of contract evaluation 0(0%) 70(91%) 
Calc. labour and plant costs 61(79%) 10(13%) 
Analysis of resources 53(69%) 17(22%) 
Ca1c. site overheads 39(51%) 31(40%) 
Cash flow 44(57%) 26(34%) 
Assessment of the estimate 44(57%) 26(34%) 
and evaluation of adjustments 
Allowances for risk and profit 21(27%) 49(64%) 
Writing up the bill for submission 35(45%) 35(45%) 
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3.8 46.5% of respondents considered the systems fast 
enough to meet the requirements of the tender period. 46.5% of respondents considered the systems to be too 
slow, the remainder had no view. A higher percentage 
of estimators from the larger organizations were dissatisfied with the performance of their systems, 
probably due to the greater use of mainfiunýe computers. 
(1 69 
0/1ý1 
3.9 42% of the companies indicated that they did not 
consider that existing CAE systems assisted with their decision making. Th-e-majority-of these rephes-were 
ftni-medium. and large organizations. 
"' :/0/1,4 t 
3.10 61% of the responding companies indicated that existing 
systems do not work satisfactorily with incomplete data 
or handle uncertainty. 'Mese important features need to 
be considered by system suppliers. 
3.11 Only 19% of respondents indicated that they did not 
require any modification to the system. 67% required 
am ndments to make the systems more suitable to their 
tasks. 16% responded no view to this question, 
probably due to the fact that they were in the early stages 
of using the system. 
3.12 77% of the users had the opportunity to make 
suggestions for improvements to the systems. Of these 
respondents, 35% indicated that system suppliers rarely 
made any response to their suggestions, 12% indicated 
that software suppliers "never" acted upon contractor's 
suggestions. 
3.13 Finally the contractors were asked their overall 
impression of the services offered by CAE systems. 'Me 
main issues may be summarized as follows: 
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It is unreasonable to expect an estimator to learn 
an additional science together with its associated 
jargon merely to enable him to have his arithmetic 
done more quickly than is possible with an 
electronic calculator. 
The estimator will have to make the same 
decisions as before, but will be expected to make 
them sooner to facilitate the additionai step of 
feeding them into the computer. 
If the information is to be fed to the computer by 
non technical personnel, then a mistake can be 
made, and processed in the normal way, which is 
unlikely for the estimator to notice it. 
It is highly costly to buy a comprehensive system 
which satisfies the estimatof s requirements. 
A very long learning curve for both existing and 
additional staff who need to be recruited. 
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Most existing systems are not easily integrated 
within an overall information technology 
strategy, especially for large contractors, mainly 
because existing CAE can be considered as 
standalone applications. 
Most CAE systems software suppliers are not 
interested in after sales service. 
L__-,, 
4.3 The Tasks Within The Estimatinz and Tenderinz Process 
The respondents were asked to assess the importance of 14 tasks within 
the estimating and tendering process. From the results these were 
ranked in order of their importance. The ranking is shown in Table 4. 
The surprising feature of these results is the bottom position of the 
preliminary project study which would probably be assumed to have a 
high level of importance. 
The estimators were asked to rate the importance of arithmetic operations 
in performing the tasks within the estimating and tendering process. 
Table 5. shows the tasks with the importance of arithmetic operation 
indicated. 
The estimators were asked to rate the importance of expertise relating to 
each task within the estimating and tendering process. Table 6. shows 
tile tasks with the importance of expertise indicated. 
5. CONCLUSIONS 
From these survey, the fbUowing points emerge: 
To be effective and implemented in Practice CAE systems need to allow 
human judgement to be exercised over their processes. rMe use of 
expert judgement in es=a=g is unavoidable and desirable. 'Mis new 
CAE system should be seen as as intelligent assistant to es=ators, 
rather than automating the thought process followed by human 
estimators. 
2) If progress in using Computers in estimating and tendering for civil 
engineering works is to be achieved, these new generations of computer 
systems should be designed to accommodate these existing CAE 
structures. 
3) Based on the above issues, it is evident that expert systems can offer a 
possible route for the improvement of such systems. The following 
tasks within the estimating and tendering process are suitable 
development areas for expert or knowledge based systems: 
the decision to tender-, 
material enquiries; 
the selection of sub-contractors; 
evaluation of the conditions of contract; and 
the assessment of the estimate and the evaluation of adjustments 
and contributions. 
Further research is required into the nature of estimatof s expertise. 
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Table 4. Most important tasks Within estimating and tendering process 
Estimator's Task Total Scorea S tren gth of 
Feelingsb 
Assessment of the 636 0.27 
estimate and evaluation 
of adjustments 
Calculating labour of 629 0.27 
plant costs 
Allowances for risk and 614 0.26 
profit 
Construction methods and 593 0.25 
programme 
Calculating site overheads 566 0.25 
Selection of sub- 558 0.23 
contracts 
Analysis of resources 549 0.23 
Materials enquiries 545 0.23 
Decision to tender 545 0.21 
Conditions of contract 470 0.21 
evaluation 
Tender preparation 395 0.16 
programme 
Cash flow 367 0.15 
Writing up the bill 343 0.14 
for submissions 
Preliminary project study 323 0.13 
a, b: Statistics on total score, strength of feelings 
Mean 509.5 (0-214) Standard Deviation 109.29 (0.049) 
Range 313 (0.14) Median 547 (0.23) CV 21.45 (22.98) 
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Table 5. The importance of arithmetic operation 
Analysis of Responses 
Estimator's Tasks Low Importancea High Importanceb 
(2) (3) 
Decision to tender 70(91%) 2(3%) 
Tender preparation 67(87%) 5(7%) 
programme 
Preliminary project 55(71%) 18(23%) 
study 
Materials enquiries 54(70%) 18(23%) 
Selection of sub- 47(61%) 15(19%) 
contractors 
Construction method 55(71%) 17(22%) 
and programme 
Conditions of contract 67(87%) 5(7%) 
evaluation 
Ca1c. labour and plant 14(18%) 59(77%) 
costs 
Analysis of resources 33(43%) 39(51%) 
Calc. site overheads 33(43%) 39(51%) 
Cash flow 35(45%) 37(48%) 
Assessment of the 35(45%) 37(48%) 
estimate and evaluation 
of adjustments 
Allowances for risk 44(57%) 28(36%) 
and profit 
Writing up the bill for 24(31%) 48(62%) 
submission 
a- includes point scales from: 1-6 
b- includes point scales from 7- 10 
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Table 6. The importance of estimators expertise 
Estimator's Tasks Low Importancea 
(2) 
High 
Importanceb 
(3) 
Decision to Tender 17(22%) 52(68%) 
Tender Preparation 26(34%) 44(57%) 
Preliminary Project 30(39%) 39(51%) 
Study 
Materials Enquiries 32(42%) 40(52%) 
Selection of Sub- 21(27%) 50(65%) 
Contractors 
Construction Method 8(10%) 64(83%) 
and Programme 
Conditions of Con=t 19(25%) 53(69%) 
Evaluation 
Ca1c. Labour and 20(26%) 53(69%) 
Plant Costs 
Analysis of Resources 26(34%) 46(60%) 
Calc. Site Overheads 18(23%) 44(57%) 
Cash flow 51(66%) 20(26%) 
Assessment of the 16(21%) 56(73%) 
estimate and evaluation 
of adjustments 
Allowances for Risk 10(13%) 62(81%) 
and Profit 
Writing up the bill for 55(72%) 14(18%) 
submission I II 
a- includes point scales from: 1-6 
b- includes point scales from: 7-10 
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THE FEDERATION OF CIVIL ENGINEERING CONTRACTOMS 
C0W0P. AY HOUSE, 6 PORTUGAL STREET. LONDON WCZA 'HH 7ELEPHONE, 01-404 4020. FAX; 01-24 202 56 
Dr Androw N Baldwin 
Department of Civil Engineering 
Loughborough University of Technology 
Louahborough 
Lpics. LE11 3TU 
Lxý 
A little while back you wrote to the Secretary of the Federation with a 
copy of the summary report of the survey which you had carried out, with 
the u46istance of Mr Oteifa, of the experience of FCEC member firms with 
computer aided ý-. sLimating, and asking whether we felt it would bo 
wurthwhil. e communicating the results to the whole of our membership. 
May I say first how pleased I was to learn how well our members had 
responded to your questionnaire. The FCEC's membership is generally very 
co-operative where survoys are concerned. Our own quarterly survey of 
civil enginenring workioad trends regularly attracts 150-155 replies which 
- allowing ror Uie fact that some companies enoose to submit a single 
return covering not only their own operations but also those of their 
subBidiary companies who also are FCEC members - represents a response rate 
of around 50%. By the same token, you may effoctively have achieved a 
rather higher responso rate than the 23.7% which you claim. 
However, to return to the main point, I do believe that it would be right 
to draw the attention of all FCEU members to your findings, and I feel that 
the beat way to do this wouid be to include a short piece in our 
NrLriightly members' Bulletin, setting out your main conclusions and 
inviting those who are interested to request copies of your fuller summary. 
I have had a, shot at drafting, which I attach. If you could let me know by 
next Monday, 9th July, if' you are happy with the draft, it could go in next 
weak's issue of the SuIletin. 
May I says finally, that I thought that your summary was very clear and to 
Lhe point. In fact I would have only one relatively minur criticism of it, 
which is that you have not provided any very clear indication of tho 
methodology behind the "strength of feelings" analysis in Table 4- just a 
brief reintirk in the final paragraph of Section 3, but nothing accompanying 
the reference to the Table in Section 4.3. 
I look forward to hearing from you. 
J Turner 
Director, External Affairs 
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BULLETIN 
COMPUTER AIDED ESTIMATING FOR CIVIL ENGINEERING 
The results are now available of a study of experienca with cOmPut-e' estimatti-ig fol' Civil engineering carried out by Dr AN Baldwin and Oteifa of Loughburuugh UnJversity of Techno. Logy with thn assistance 
member firms. 83 firms in all completed the questionnaire which th Loughburough researchers sent to all FCEC members. 
Of those who replied, 56% were employing some form of computer aidc 
e8timati"9 6ybtem- The majority had purchased and were using stanc 
Software packages, which many felt were not entiroly appropriate ts 
needs as civil ongineering contractors, having been designed by ref to the requirtýments of the building sector; but as high a proportac 
- rather tijore Lhan the researchers had anticipated - were using bes- 
systems. The durvey tested both the experience of 'theso companies 
Uleir systoms, and tho reeons why the balance of 44% of respondents 
far chosen not to use CAE. 
From their survey findings Dr Baldwin and Mr Oteifa drew four main 
vvný; IusionE: 
To be effective and implemonted in practice, CAE systems need 
human judgemont to be exercised over their processes. The use 
expert judgement in estimating is unavoidable and desirable. T: 
CAE sysLem should be seen as an intelligent assistant to estima, 
rather than automating tho thought process followed by human 
estimators. 
2) If progress in using computers in estimating and tendering for 
c-tigineering workes is to be achieved, thesp new generations of c 
sysLema should be designed to accomodate these existing CAE str,. 
: 3) Based on tho above issues, it is evident that expert systems ca 
a possible route for the improvement of such systems. The fol-- 
tauku within the estimating and tendering process are suitable 
development areas for expert or knowledge based systems: 
- the decision to tender 
material enquirims 
the snlecftion of sub-contractors 
e- V, 
ocaluation of the conditions of contract 
- the assessment of the estimate and the evaluation of 
adJU5tments and contributions. 
FurthtAr research is required into the naturc of estimator, s exp( 
A full account of the survoy results is available on request, to Dr i 
Baldwin, Loughborough University of Technology, 1, oughborough, Leics. 
LE11 3TU, ýelephonn 0509 263171, telefax UbO9 610231. 
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ANB/EMW 
15 November 1990 
Mr R Larcombe 
Development Director CIS C 
The Building Centre 
26 Store Street 
London 
WClE 7BT 
Dear Richard 
Thank you for the opportunity to meet and for your initial comments on our Estimating 
Survey. With respect to the two points that you raised: 
On page 1 paragraph 1 "the reduction in real terms ...... You are of course correct in that computers have become more powerful over the last decade. 'Me 
point we were trying to make is that in real "monetary" terms the cost of 
computing power has reduced. (IBM salesman put this rather inelegantly as 
. "more bang for your bucks" I. ). Perhaps we should amend our text to avoid confusion. 
2. The difference between the estimate preparation and the tender submission is as 
you quite rightly indicate fundamental. We attempted to cover this aspect in the 
survey by item 3.5 on page 4. Here we found ; hat 70% of the managers used 
CAE for only 10% of their time. (This compares with 47% of estimators in 
larger sized companies who spent between 51 % and 75% of their time with 
CAE systems). 
As you suggested, we have begun to make some enquiries with respect to suitable 
consultants skilled in the use of functional analysis. Before the end of the year I hope 
to be in a position to write to you again with details of how we would work together. 
Please keep us informed of the programme for the Standards Development and when 
we may be of assistance. 
Best regards. 
Yours sincerely 
Andrew N Baldwin (Dr) 
Lecturer 
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CIVIL ENGINEERING 
LOUGHBOROUGH, LEICS. LE11 3TU UK. 
TEL: 0509 263171 TELEX: 34-r-K FAX: M 610231 
Direct Dial: 0509 M 2605 
ANB/cfw 
19th July 1990 
Thank you for 
indicated, we 
This requires i 
attributes of 
aeveiopments are aiso 
construction estimator. 
To this end we have developed a further questionnaire to acquire relevant 
data. By necessity this questionnaire needs to be more detailed than the 
one used in our previous survey. Hopefully this will not be too onerous 
for you to complete. 
Please find enclosed three copies of the questionnaire. We should be 
grateful, if in addition to yourself, two of your colleagues could help us 
with the survey. Should you wish to survey additional staff within your 
company we will be pleased to forward further copies. 
The questionnaires do not ask for the estimator's name to be given. 
The results, as with the other information that you have supplied to us, 
will be treated in strictest confidence. 
the opportunity to 
are now extending 
i dose examination 
estimators. The 
LOUGHBOROUGH 
'LL ar 
OF TECHNOLOGY 
meet and discuss our research. As we 
our research into estimator's expertise. 
of the knowledge, skills and personal 
career history and expected career 
of interest in developing a profile of the I 
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We are pleased that several other companies have already said that they 
will contribute to this further research. The results that we obtain shoula 
assist companies to assist in the selection and training of estimators. 
Should you wish your personnel department to be aware of the research 
we shall be pleased to talk with them. 
If you have any queries on the questionnaire please do not hesitate to 
contact us via 0509 222605. 
Thank you again for your assistance. 
Yours sincerely 
. 
Andrew N Baldwin 
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A STUDY OF CAREER DEVELOPMENT, ATTRIBUTES REQUIRED, 
KNOWLEDGE LEVELS AND SKILL REQUIREMENTS OF CTVIL 
ENGINEERING ESTIMATORS 
BY 
Mr. S. A. OTEEFA 
CONSTRUCTION MANAGEMENT GROUP 
DEPARTMENT OF CIVIL ENGINEERING 
LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 
JULY 1990 
0 
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Form Al 
The Career Development of a Civil Engineering Estimator 
1. Generai Background 
Please give name of diploma(s), degrees, etc., you have obtained, and give 
approXimate dates. 
1.2 Do you think, that your degree studies, in general, adequately prepared you for 
a career as an estimator? 
Yes II No No View 
1.3 If 'No'. Please explain briefly the deficiency. 
1.4 Which of the objectives identified beiow were in your opinion achieved by your 
degree studies. 
Yes No No View 
Preparation for a career in civil engineering 
Development of numerical abilities 
3. Development of communication abilities 
4. Development of reasoning abilities 
5. Assisting you to understand the industry 
6. Assisting you to apply technical knowledge 
7. Assisting you to view problems critically 
8. Ability to solve problems 
9. Other. Please specify ........................... .. 
1.5 Have you had any further study since graduation. w 
Yes No 
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1.6 Please identify study type. 
Post Graduate Course Study requirements for 
Membership of Professionai Institution 
Any other. Please state ............................................................. 
1.7 If 'yes'. Please indicate the type of study 
Full-time Part-time Short Courses 
1.8 In the light of your own experience in the area of estimating and tendering for 
civil engineering works, what extra subjects or emphasis upon areas of study 
would you like to see included in a current first degree course. 
1.9 Are you a member of any profession institution? 
Name of Instimtion 
1.10 
Member Grade Years of I 
Membershi 
How old are you? 
Age 
Up to 26 
26-35 
36-45 
46-55 
46-55 
Over 55 
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2.0 Past Career 
2.1 Was your original career choice engineering? (please tick) 
Yes No 
2.2 If the answer to 2.1 was NO, please indicate your original career. 
2.3 Employment History 
Table 1. below shows the possible positions to be held in a Contractor's 
organisation together with the main type of civil engineering works according to 
CESMM 2. Please fill in as accurately as possible the amount of time (in months) 
you spent in each position (if any) for each particular type of work. 
Table 1. Employment History of a Civil Engineering Estimator. 
-P o s- i ta-i on Mlatin type held 
ofw0,7k 
Student 
Enzineer 
Junior 
Enzineer 
Assistant 
Enzineer 
Section 
Eneineer 
Sub 
Azent, 
Agent Project 
Manaeer 
Other 
Ground InvestigaLion 
Geotechrucal Processes 
Desnodtion and 
Site Clearance 
Earthworks 
Concreting 
Precast Concrete 
Pipeworks 
S trucrurai Metal work 
Timber 
Piling 
Roads & Pavings 
Tunneis 
Brickwork 
Painting 
Waterproofing 
Sewer renovation 
Misceilaneous Works 
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3. 
3.1 
3.2 
3.3 
3.5 
3.6 
Current Job 
How iong have you been working in estimating? 
Number of Years 
Up to 5 
6-10 
11-20 
Over 20 
If you are an Estimating manager/Chief estimator, how many employees are 
responsible to you? No. of employees 
Please describe your main sources of job satisfaction. 
What do you think are the main sources of job dissatisfaction? 
(Please tick the appropriate boxes) 
- Frustration arising from staff difficulties (recruitment) 
- Marketing decisions without consideration of the estimating 
department situation 
- Status of estimating function in the company 
- Lack of estimating experience on the board 
- Restriction of responsibility 
- Variable hours of work 
- Physical working conditions 
- Increasing government intervention and legislation 
- Slow use of IT Products/Applications 
- Other. Please specify .................................................. 
Please describe how do you spend your time on a typicai project estimate? 
(Please enter a percentage figzures) 
Preparation of an estimate % 
Managing of an estimate % 
Improvements/Adjustments % 
Liaison with other functions % 
Public reiationsý/Marketing % 
Training and staff deveiopment 288 % 
Other. Please specify ................................... 
70 
100% 
3.7 
3.8 
Please describe your views regarding the importance of managerial/technicai 
skills reiated to job effectiveness. 
Yes 
Is technical skills more important 
No No View 
Is Manageriai skills more important 
Both of them of equai importance 
Are you quite happy with your salary and other benefits comparing with other 
similar positions within your organisation? 
Yes No No View 
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4.0 Career Expectations and Preferences 
4.1 How do you expect your career to progress in the future? 
No Promotion Promotion Transfer from estimating 
4.2 What would you prefer as a long term career? 
To stay in estimating To a-ansfer from estimating 
A combination of both of these 
4.3 Was estimating your first choice of career? 
(Please tick the appropriate box) 
Yes No 
4.4 Lf the answer to question 4.3 is NO, please indicate your first career choice. 
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Form A2 
Attributes Required by an Estimator 
Tables 1 to 7 list a number of important characteristics recognised as 
standard assessment criteria for psychological tests. These criteria have 
been used to assess the attributes required by people involved in many 
different types of work. It is our intention to use these tables to assess the 
attributes required by construction estimators. 
The data collected from the tests will assist in the formation of a 'profile' 
of the civil engineering estimator: his needs, values, interests, 
temperament and abilities. It will provide information for relating 
applicants for estimating positions to estimator's job requirements. In 
asking estimators to complete these tables we are relying on the 
professionalism and integrity of the estimators involved. Valid self- 
evaluation requires careful thought and honesty. 
Please rate yourself on the scale of 0-5, where 5 is the highest value. 
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Table 1. Self-Assessment 
Abilities 
What are your strongest (and weakest) abilities? 2131415 
Artistic ability - drawing, designing, creating 
Numerical ability - speed and accuracy in working 
with numbers 
Maths ability - solving mathmeticai problems 
Scientific ability - doing experiments and understanding 
scientific principles; reasoning effectively 
Language ability - writing, speaking 
Principies of mechanics - working with machines or toois. 
repairing things, and understanding the principies 
Motor ability - working with hands 
Spatial ability - seeing differences in size, form, and shape 
and visuadzing their reiationships 
Social ability - ability to work with people; considered 
congenial by others 
Teaching ability - helping others learn; instructing people 
to perform tasks and activities 
Persuasive ability - able to talk easily with people; 
to influence others-, to seil 
Leadership ability - leading group activities: able to get 
things started and to act quickly when necessary 
Cleficai ability - providing or coilecting information, 
accurate record-keeping 
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Table 2. Self-Assessment 
Needs 
How strong are your personai needs. ) 415 
Achievement - the need to accomplish things weil, to 
successful in overcorning obstacies 
Deference - the need to follow; to have a leader 
Order - the need to be neat and orderly, to have plans 
Exhibition - the need to attr t attention, to be noticed 
Autonomy - the need to be independent, to defy 
authority, to come and go freeiy 
Affiliation - the need to form friendships, to join groups, 
to participate with others 
Intraspection - the need to be imaginative, subjective, 
anaiyticai 
Succorance - the need to get help, to be dependant 
Dominance - the need to dominate or control others; 
to lead, to organise 
Abasement - the need to apologise, to accept 
punishment and guiit 
Nurturance - the need to help others, to empathize 
Change - the need to avoid routine, to be invoived with 
innovation 
E'r-ldurance - the need to work hard, to persevere 
Heterosexuality - the need for relationships with the 
opposite sex 
Aggression - the need to express aggressive feelings, to 
punish 
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Table 3. Self-Assessment 
Temperament 
What are those temperamental factors that most 012345 
(and least ) describe you? 
General activity: hurrying, vitality, production, efficiencv 
versus: slow, deliberate, easily fatigues, inefficient 
Restraint: serious minded, persistent 
versus: carefree, impulsive, excitement-loving 
Ascendance: leadership, speaking in public, bluffing 
versus: submissiveness, hesitation 
Sociability: having many ftiends, seeking social contacts, 
attrac=g attention 
versus: few friends and shyness 
Emotional stability: evenness of moods, optimistic, 
even-keeled, composure 
versus: fluctuation of moods, pessimism, daydreaming, 
excitability, feelings of guilt, worry 
Objectively: thick-sldnned, analytical 
versus: hypersensitive, self-centered, suspicious 
Friendliness: toleration of hostility, acceptance of 
domination, respect for others 
versus: hostility, resentment, desire to dominate, 
aggressiveness and contempt for others 
Thoughtfulness: reflective. analytic of self and others. 
mental poise 
versus: interest in overt activity and mental 
disconcertedness 
Personal relazions: 
tolerance of others, faith in social 
institutions and authority 
versus: critical of institutions, suspicious, self-pitying 
Mxcuiiniry: interest in masculine activities, 
inhibits emotional expression 
versus: interest in feminine activities and vocations, 
easily disgusted, fearful, emotionally expressive 
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Table 4. Self-Assessment 
Job Values 
Which work vaiues do you prefer (or reject)? 2135 
Good Salary - being paid weil 
Prestige - having a job that offers a great deai of status and 
respect 
Job securiry - having a steady job 
High achievement - being able to do things of importance 
or to succeed on a challenging job 
Routine activity - work that is uncompiicated, organised, 
and repetitive 
Variety - diversion - having the chance to do many and 
different things 
CreatiViry - having the opportunity to use your imagination and to be inventive 
Working with your mind - work that offers intellectual 
stimulation and allows use of your mentai capabilities 
Independence - work that allows freedom to follow your 
own convictions with minimum supervisions 
Working with people - working in close contact with 
people, being able to assist others 
Leadership - being responsible for directing the work of 
subordinates, rnaiýing decisions affecting others 
Physical activity - work that calls for physical strength 
Work under supervision - working under the direction of 
others 
Work with vOur hands -a job where you can use your 
hands, ma6hines, or tools to make or repair things 
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Table 5. Self-Assessment 
Personal Values 
What values are most (and least) important to you? 0 1 2 3 4 5 
Theoretical - values truth in the philosophical scientific 
sense; intellect; and the rational, empirical approach 
Economic - values the pragmatic and useful; money and 
material wealth 
Aesthetic -values the artistic, both in form and grace 
Social - values social considerations and interactions 
Political - values power, prestige, the opportunity to influence 
Religious - values the religious aspects of the world 
Table 6. Self-Assessment 
Basic Interests 
What are your basic interests? 0 1 2 3 4 5 
Realistic theme - prefer to work with machines. tools. 
things instead of people; rugged outdoors work 
Conventional theme - interested in highly structured 
activities; being a follower 
Enterprising theme - prefer to dominate, to lead, especially in the business sense 
Investigative theme - enjoy scientific activities, the abstract. intellectual 
Artistic theme - likes to work in artistic settings; 
self-expression 
Social theme - prefer work conductive to helping people, 
socially responsive 
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Table 7. Self-Assessment 
Job Preferences 
In what job situations would you rather work? 0 1 2 3 5 
Outdoor 
Mechanical 
Computational 
Scientific 
Persuasive 
Artistic 
Literary 
Musical 
Social service 
Clerical 
297 
Form A3 
Estimator's Perceived knowledgeiskills 
This form is designed to collect data concerning the present and future 
knowledge level and skill requirements of the civil engineering estimator. 
Tables I and 2 show a general list of related knowledge and skills. 
Please review the items shown in Tables I and 2 and rank them, in 
column 1, according to their order of importance at the present time 
in the production of a detailed, accurate estimate with a high 
probability of success. 
Please repeat the exercise in section 1 and indicate, in column 2, the 
level of importance that you consider will be applicable to each of 
the above items in five years time. 
Assuming no existing knowledge level please indicate, in column 3, 
the number of continuous days of education and training that you 
anticipate you would need to acquire sufficient knowledge andý skills 
in each of the items in order to undertake estimating and tendering 
tasks. 
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Table 1. Estimator's Perceived knowledge levels. 
(1) (2) (3) 
Estimator's items of Present Time Future Time Acquisition 
knowiefte (5 vears) Time (davs) 
1. Marketing/Sales 
2. Personnel Management 
3. Construction Methods 
and Technology 
4. Planning 
5. Human Relations 
6. Organisation 
7. Communication 
8. Team Work 
9. Risk Management 
10. Company Strategic Planning 
11. Finance 
12. Insurance 
13. Law 
14 Quality Assurance 
15. Purchasing 
16. Industrial Relations 
17. Information Technology 
18. Other. Please specify 
Please Note: 
For the purpose of this exercise it is assumed that the knowledge level 
required is that to enable the estimator to recognise the relevant topics 
relating to construction estimating. 
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Table 2. Estimator's Perceived Skill Requirements. 
(2) 3) 
Estimat&s items of Present Time Future Time Acquisition 
skills (5 vears) Time (davs) 
1. Marketing/Sales 
2. Personnel Management 
3. Construction Methods 
and Technoiogy 
4. Planning 
5. Human Relations 
6. Organisation 
7. Communication 
8. Team Work 
9. Risk Management 
10. Company Strategic Planning 
11. Finance 
12. Insurance 
13. Law 
14 Quality Assurance 
15. Purchasing 
16. Industrial Relations 
17. Information Technology 
18. Other. Please specify 
Please Note: 
For the purpose of this exercise it is assumed that a skill is an ability to 
undertake a specific task relating to estimating and tendering with a 
minimum of management supervision. 
THANK YOU 
Thank you for completing this questionnaire. 
The data that you have provided will help us considerably in our research 
into construction estimating undertaken bv contractors. 
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kIPIPIEHDIZ IB. 3 
PRELEVIINARY WORK UNDERTAKEN IN THE CALCULATION OF 
KENDALL'S COEFFICIENT OF CONCORDANCE (W) 
301 
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&IPIPIEHEDUZ 
A COPY OF THE EXPERIMENT SBEETS 
307 
AN EMPIRICAL STUDY OF HOW ESTIMATORS MAKE DECISIONS 
The Task That You Are Required To Undertake. 
You are an estimator employed by a firm of civil engineering contractors. The company 
has been invited to tender for new project in the water industry. The senior estimator, 
to whom you are directly responsible has asked that you review the contmct documents 
and advise if there are any reasons not to proceed with the preparation and submission 
of the tender. 
You are required to perform a project study. This must include the following: 
the decision whether or not to tender, 
the likely value of the contract; 
the identification of any queries on the documentation; 
any foreseen problems in construction; and 
the main methods of work, (including construction methods and resources 
and the identification of any activities to be subcontmcted). 
'Me information you wiH use to make these judgements wiU be the contract documents 
provided. You should assume there are no overriding economic circumstances that 
necessitate the company having to tender for the work. 
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HOW TO PERFORM THE TASK 
Please review the contract documents that have been made available to you. 
Think, reason in a loud voice, mention what activities you are doing, verbalize 
everything that passes through your mind as you solve the problem. We are not 
primarily interested in your final conclusion, but in your thinking behaviour, in your 
activities to perform the task, in all your attempts to find a solution, in whatever comes 
to your mind, no matter whether it is a good or a bad idea, or a question. Don't plan 
what to say, or think before you speak, but rather let your thoughts speak, as though 
you were really thinking out loud. Don't let my present interrupt you. 
If you desire clarification of the instruction, please ask the observer prior to starting the 
consideration of the project study situation. 
Thank you. 
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PERSONAL DATA SHEET 
I. 
2. 
3. 
4. 
5. 
6. 
Please give name of diploma(s), degrees, etc., you have obtained, and give 
approximate dates 
Name of diplonla, degrees, certificate, etc. Date 
Have you had any further study since graduation. 
Yes No 
If 'yes' please identify study type 
Postgraduate Course Study requirements for Membership of 
professional Institute 
Short Courses 
Are you a member of any professional institution? 
Name of Institution Member Grade Year of I 
Membership 
How many years of general estimating experience ý 
How old are you? 
AGE up to 26 
26-35 
36-45 
46-55 
Over 55 
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POST-EXPERIMENT QUESTIONNAIRE 
I. What additional information would you have used had it been available? 
2. If you could speak with a representative of the client or visit the site, what 
questions would you ask? 
Please briefly recail the most important parts of your study. 
4. Did the conditions of the study differ greatly from your normal circumstances? 
Yes No 
5. If you answered yes to question 4, please indicate the main differences. 
Please initial this sheet to show that you have completed the exercise. 
'Mank you for your help with this research. 
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kipiplENDIlz (C, ý, 2 
A COPY OF ESTE\4ATORS'ANSVVERS TO THE POST-EXPERIMENT 
QUESTIONNAIRE 
312 
POST-EXPERIMENT QUESTIONNAIRE 
What additional information would you have used had it been available? 
6 
tA,, ) C- 7 kjc, (C- -T( c #, / :10F ýýOA4 0 1-/ T/ 0 
2. If you could speak with a representative of the client or visit the site, what questions would you ask? 
AA6/ 
11, 
3. Please briefly recail the most important parts of your study. 
rojem 
(ý-j kt) JA Ai PV A -7ýt-f, 
0.4j 
, C)C ISqr AZ 
Cq 5iEr- VIC, 
M #4/&l 
COA, (SvrZ"C-7('O-, ýZ DEIýqICS. 
4. Did the conditions of the study differ greatly from your normal circ=stances? 
Yes No I 
5. If you answered yes to question 4, please indicate the main differences. 
ipe-et cý0F -/"-/ M Oe -7'c-> 
f7, a 6 
-r4r-- &. 06a AA CAI r d. 
Please initial this sheet to show that you have completed the exercise. 
'Mank you for your help with this research. 
W 
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POST-EXPERIMENT QUESTIONNAIRE 
I. What additional information would you have used had it been available? 
mo 
A 
2. If you could speak with a representative of the client or visit the site, what 
questions would you ask? 
Cs' 
3. 
4. 
5. 
Please briefly recall the most important parts of your study. 
Q7, 
Cý -, G , -z (-., o t, 4 o-r -- Did the conditions of the study differ greatly from your normal circumstances? 
Yes No 
If you answered yes to question 4, please indicate the main differences. 
Please initial this sheet to show that you have completed the exercise. 
'lliank you for your help with this research. 
cT'. 
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POST-EXPERIMENT QUESTIONNAIRE 
I. What additional information would you have used had it been available? 
2. If you could speak with a representative of the client or visit the site, what 
questions would you ask? 
c. 
3. Please briefly recail the most important parts of your study. 
4. Did the conditions of the study differ greatly from your normal circ=stances? 
Yes No VOOO". 
If you answered yes to question 4, please indicate the main differences. 
I---- 
Please initial this sheet to show that you have completed the exercise. 
Tbank you for your help with this research. 
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POST-EXPERIMENT QUESTIONNAIRE 
What additional information would you have used had it been available? 
2. If you could speak with a representative of the client or visit the site, what 
questions would you ask? 
"-Q i C) us Z 
Please briefly recall the most important parts of your study. 
L 
C-1 
4. 
5. 
Did the conditions of the study differ greatly from your normal circumstances? 
Yes No 
If you answered yes to question 4, please indicate the main differences. 
Please mitial this sheet to show that you have completed the exercise. 
'Ibank oýr your help with this research. 
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POST-EXPERIMENT QUESTIONNAIRE 
What additionai infonmtion wouid you have used had it been availýle? 
2. If you could speak with a representative of the client or visit the site, what 
questions would you ask? 
C-At A130-0- 
Ali. 
Please briefly recail the most important parts of your stud 
if 
Z) AA >( 
4. Did the conditions of the study differ greatly from your normal Circ=stances? 
Yes No I 
5. If you answered yes to question 4, please indicate the main differences. 
0) /ýU, 
-, e. 
6; ý, A- CZ4ýý . 
Please initial this sheet to show that you have completed the exercise. 
Thank you for your help with this research. 
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AIPIPIEHE)IIZ (C. 3 
A COPY OF ESTB4ATORS'CODED PROTOCOLS 
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ESTIMATOR A- CODED PROTOCOL 
Line Topic Line Activity Code 
N o. 
I. As you know from an overall point of view GC 
2. Usually having decided we went to apply for the tender CONF 
3. We got some idea of the value and the possible type of 
works that is involved in the invitation to tender SF 
4. Having said that, once we got the documents GC 
5. 1 say we usually got an idea of the value of works and 
the general nature of the works SF 
6. When we start to pick the documents up CONF 
7. First thing when the tender documents come in this office GC 
8. First thing we do is to check them in MC 
9. We make sure that we have received everything that the 
client says we should have received SG 
10. This obviously has implications, possibly on contract 
stage at later day SF 
11. So we try to make sure that we have received what we 
are supposed to have received SG 
12. and it is until this has been checked off CONF 
13. the tender documents finally comes through to the 
estimator GC 
14. The estimator wouldn't normally be concerned about 
materials TC 
15. and prior to the tender coming to the estimator, materials 
and sub-contractors enquiries are already sent out, 
this is done by a separate department CONF 
16. The documents who were then passed will split between 
two people the estimator and the tender planning 
engineer, these two people who are really responsible 
for the preparation of the tender GC 
17. Both having an individual responsibility, yet having a 
joint responsibility for the preparation GC 
18. Things like shuttering would be looked at by the 
planning engineer SF 
19. (A) for unit costing SG 
20. and (B) from the viewpoint of overall programme SG 
21. The programme will help him determine whether they 
gone reuse the shutters etc. GC 
22. This will come purely from the programme that the 
planning engineer would come up with GC 
23. The estimator then is responsible really for the pricing 
of the works, and obviously looking for technical 
problems, practical problems, and between the two 
of them this is actually sorted out at tender stage GC 
24. 1 think from the estimators point of view when we get 
the documentation and they finally finds its way 
through to us GC 
25. We try to get a general feel for the job SG 
26. What the engineering and construction details are SG 
27. not into any detail but the general layout of the building TC 
28. what actually going to SG 
29 the limitations that can be seen from within the drawings SG . 30. and trying to get a feel for the job prior to a site visit 
SG 
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31. We have a look on the documentation again MC 32. not in growing detail but in general terms TC 33. get a feel for the work SG 34. What is involved SG 35. and quantities involved SG 36. Yes, so having got a feel for the job AS 37. the documentation AS 38. and what we are about AS 39. then we try to prepare a site visit as early in the tender 
period as possible FG 40. On going on to the site visit AS 41. We would be looking for things like SG 
42. access SG 
43. areas available for site cabins SG 
44. any special undertakings for equipment which might be for the works that causes a problem SG 45. areas of storage of materials SG 
46. the general topography of the site SG 47. how it lays SG 
48. any water causes that travel SG 
49. anything that shows up, it is not particularly in detail 
in the drawings SG 
50. And again once you see the site GC 
51. you get a visual picture in your mind as how certain it 
lies, than a two dimensional drawing SF 
52. Also in a site visit AS 
53. We would be looking for things depending on particular 
tender SG 
54. tips to take surplus materials from the site SG 
55. queries that could possibly we haven't picked up within 
our materials data file, where we can send for supply 
of materials SG 
56. and anything really that comes to mind while you are 
there wondering around SG 
57. 1 see from this particular drawing VIS 
58. that we have been allocated an area as a contractor's 
compound EXPL 
59. Again the access to that compound Q 
60. any overhead cables that are not shown on the drawings Q 
61. general access in and out from the site Q 
62. generally any nearby bridges Q 
63. Any restrictions on bridges Q 
64. 1 am just trying to ascertain from the site layout drawing VIS 
65. where the actual extensions are SG 
66. and what is existing SG 
67. and what is new SG 
68. As well as the estimator and tender planner is involved 
in the tender, we have a subsidary department that deals 
with enquiries GC 
69. As the tender comes in to the office, it is booked in CONF 
70. to ensure that all the documentation is there as per 
mentioned SG 
71. then sent to our enquiry department CONF 
72. we then go through the Bill of Quantities and list of 
drawings MC 
73. to abstract any items Of works that they are believed 
to be sub-contracted SG 
74. abstract all the materials that required in the scheme SG 
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75. and then they will send out enquiries for all these 
materials and sub-contracts CONF 
76. For materials required in the scheme GC 
77. With these enquiries go particular conditions of contract SF 78. any specification clauses SF 
79. any drawings SF 
80. and BOQ pages that are particular to that item of work or 
that materials SF 
81. That is done as early in the tender period again as possible GC 82. to ensure that we get the enquiries back in time for us to 
make an assessment of the cheapest materials and 
suppliers and incorporate them into the tender SG 
83. So, that is going whilst the estimator is being priced up GC 84. and the planning engineer is starting his programme GC 85. Now so seen the site layout drawing CONF 
86. provides the area where actually we are building the 
new tank and the small chambers sum 
87. and the area it is going to be demolished sum 
88. OK. Having seen the site AS 
89. and the layout of the site drawing CONF 
90. we see that we are building some tanks EXPL 
91. to a depth of what? Q 
92. 1 am looking for the drawing of the humus tank S1 
93. to know the depth of the tank SG 
94. So, the humus tank seems to be the deepest of the 
excavations that we have got to do EXPL 
95. which is going down to a depth around 31m to invert 
of the tank around 22.5m R, VIS 
96. So we got around 9m to go down COMP 
97. So we got to have check the ground conditions FG 
98. 1 am looking now for the boreholes log SI 
99. to find out the nature of the ground we are digging in SG 
100. Only one borehole EXPL 
101. Is there an indication where the borehole log was taken Q 
102. 1 am reading the log R 
103. looking for the location of the borehole SG 
104. Right. Ground conditions could change from an area 
to an area on a site like this SF 
105. this borehole can be in this comer or over here (subject 
is showing by his hands) FH 
106. we will be looking for a borehole relatively close to the 
area we will be digging in SF 
107. 1 mean within a very short area from that (showing 
towards the tank) INF 
108. Looking on the borehole R 
109. We seem to have stiff clay R 
110. Silt clay R 
111. with water at 5.5m level, rising to 4.2 R 
112. so we got a water problem during excavation INF 
113. From the site visit AS 
114. and the boreholes R 
115. a general look will determine the depth we are going to FH 
116. and the area which we actually going to dig in FH 
117. We are looking at material that we are digging in SF 
118. and the ground water-table conditions within that area SF 
119. which gives up a picture of the material and the type of 
excavation we will be doing SG 
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120. Right, we got that far, we will then have a detailed look 
on the drawings FG 
121. in which more detail 
122. , I want to get a better phrase., 'building the job in our 
heads' SG 
123. If I can say, build it visually SG 
124. how it is actually going to be put together TC 
125. now the actual engineering is going to work TC 
126. Once that is done CONF 
127. we start looking on the actual contract documents MC 
128. and the restraints that could be put by the client MC 
129. The first area to look at is the instructions and information 
to tenderer FG 
130. 1 am now flicking through the contract documents R 
131. Obviously this is done as soon as the documents were 
booked-in TC 
132. to look for the date when the tender is due back SG 
133. is the target date to meet SF 
134. and I am reading now the instructions to tenderer R 
135. to find out when the actual documents should be 
returned SG 
136. There is not a particular data here sum 
137. We usually find it in that area SF 
138. We see from this that any information needed R 
139. we got to contact the following persons for any queries 
on the tender EXPL 
140. Right. Reading through the information to tenderer R 
141. to ascertain the extent of the work SG 
142. and constraints SG 
143. 1 see we got constraints on the programme R 
144. So the humus tank has to be available at the end of 
week 20 EXPL 
145. Modifications to inlet works, settling tank shall not 
commence until week 21 EXPL 
146. and the two pumping stations done by week 16 EXPL 
147. Now I want to see the location map Si 
148. showing where the site is SG 
149. It is in Nottingham sum 
150. gives us the extent of works in areas which seem to be 
unusual INF 
151. Any restrictions EXPL 
152. Now I look for the form of tender SD 
153. Looking there for whether we need to provide a bond 
for the contract SG 
154. which we see in this one we haven't sum 
155. It is an incurred cost to us if we are going to provide 
a bond SF 
156. Work insurances R 
157. there is no risk in that sum 
158. we have various policies from El to; ElOM TC 
159. Again which has an effect on costs to us SF 
160. Let me say that in looking in this particular document R 
161. we go through virtually from front to back, as you reach 
each particular section CONF 
162. we are looking for a particular set of things we expect to 
find SG 
163. like the bond SG 
164. insurance SG 
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165. the liquidated damages SG 
166. Again on certain schemes you have liquidated damages 
of ; E75,000/week TC 
167. which again on a particular contract, we have a liquidated 
damages on shorter period TC 
168. and that affects the pricing of the work SF 
169. Is it really worth the risk Q 
170. the liquidated damages could seriously affect the benefits 
from winning the contract SF 
171. we got also the period of maintenance R 
172. which is the standard of 52 weeks R 
173. We have given time for completion of 26 weeks R 
174. So there is a time period now to work within EXPL 
175. We got section completion, which were considered as 
constraints spotted earlier on R 
176. Again looking on the method of measurement R 
177. the type of the method of measurement used R 
178. We got to keep a schedule of sub-contractors to be used R 
179. Insurances which we have looked at R 
180. Conditions of contract R 
181. We looking on it just to make sure they haven't missed 
any clauses SG 
182. or they altered the standard ICE conditions in particular 
to what relevant to the type of work SG 
183. It seems to be the standard ICE conditions INF 
184. It is the standard things we know, we find it before EXPL 
185. Alterations R 
186. fixed price contract R 
187. no variation of price EXPL 
188. we got to standby the price we submit INF 
189. which again is a very important thing SF 
190. we got to take care of increased cost that might occur TC 
191. 1 am going through the different amendments for the 
conditions of contract R 
192. Now we turn to the specifications, civil engineering 
water industry, 3rd edition R 
193. Again, which is a standard document used throughout 
the water industry INF 
194. Just going back to the period of time of 26 weeks Mc 
195. ' Obviously, the tender planning engineer is looking 
at that aspect of the works GC 
196. With regard to the time of completion of 26 weeks EXPL 
197. the tender planner obviously is looking at the possibility 
of cutting that 26 weeks down to 20 weeks or 
whatever we can reasonably do EXPL 
198. to cut down our overheads, to the scheme and 
therefore by reducing the cost SG 
199. Having said that he has to look on that with the 
constraints that are detailed in the documents SF 
200. 1 am now looking on the specifications and any 
particular clauses R 
201. that require attention SG 
202. We see that the areas of storage of materials R 
203. we have to strip the top soil EXPL 
204. and establish EXIPL 
205. we can't just lay the materials on the ground INF 
206. There is accommodation required for the engineer R 
207. furniture R 
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208. and equipment R 
209. obviously we got to include that in the price SF 
210. what we have to do including it in the preliminary sums CONF 211. we got to see whether he actually requires electrical Q 212. There is instances, if you are on a site where there is no 
services available RET 
213. 1 mean no electric within 500-600 or 800m GC 
214. or there is no sewage RET 
215. Therefore you are looking at where the services are 
for the site office accommodation SG 
216. the extent of the service SG 
217. and whether there is any services laid on SG 
218. 1 see from the document they brought the tenderer 
attention to an overhead electrical cable R 
219. So obviously there must be some of these on- site INF 
220. Having said that we should have spotted things like 
this on the site visit AS 
221. Obviously we will be looking on that also on the drawings FG 
222. to see a particular joint details existing staff SG 
223. Looking back on the drawing VIS 
224. to trace the path of the overhead cable SG 
225. well it seems it is going into the existing pumping station EXPL 
226. so it may cause a problem in using things like concrete 
mixers INF 
227. and things that tend to be higher like cranages in 
moving around the site INF 
228. Again it brought our attention to that within the 
documentation I TC 
229. Generally, now I am looking through the specifications R 
230. to find any general restrictions SG 
231. or hazards SG 
232. anything that might cause a restriction within our 
working day SG 
233. access SG 
234. limitations on the type of equipment we are going to 
use and how to use it SG 
235. Obviously sewage works you have got to be careful 
when to come to work of things like temporary works 
you should be aware of RET 
236. We see that other contractors are working on site R 
237. so we have to bear in mind the work of other contractors INF 
238. mainly the mechanical and electrical contractors SF 
239. we have got noise limitations R 
240. which could cause us a problem in doing things like 
piling INF 
241. or we have a very heavy earthmoving plant INF 
242. From a quick look on the drawing VIS 
243. it could be that some piling could be involved sum 
244. some temporary sheet piles sum 
245. which could cause a problem with the maximum sound 
limitation INF 
246. so that is we will be looking into MC 
247. we see that we have got restrictions on time working 
during the night R 
248. , which again might cause us problems INF 
249. Having said that it does not seem too restrictive sum 
250. There is certain trees we have to protect R 
251. which may need temporary fencing INF 
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252. Right. When we are pricing the work GC 
253. we then read the specifications of materials with the 
bill items GC 
254. As we price a particular item GC 
255. we will, be then looking on the specifications GC 
256. to find out what are the actual restrictions SG 
257. what specifications for each material SG 
258. and reading that as we price the items within the bill GC 
259. 1 am now flicking through specifications of the types of 
materials to be used R 
260. Always specifications will be sent out with enquiries of 
materials and subcontracts TC 
261. Still I am scanning through the specifications section R/CONF 
262. 1 find from the documentation that we have to provide our 
own tip R 
263. there is no on-site tip EXPL 
264. so that has to be sorted out CONIF 
265. Obviously we will be looking for the least charge and 
the shortest haul TC 
266. We might get a tip further away depending on the pricing TC 
267. We are still going through the specifications R/CONF 
268. As I said we shall go through this in detail later on MC 
269. 1 must have said when or prior to pricing, I would read 
through the specifications GC 
270. not word for word GC 
271. but I will try to speed reading through the whole lot GC 
272. and drop on things that you would not call standard or 
refer to large volume of work SG 
273. So when you do start pricing the works GC 
274. there is something logged in the back of your mind TC 
275. you said for instance I reach somewhere that there is a 
restriction on that TC 
276. and obviously you drop back on that CONF 
277. so as I said we have gone through the specifications R/CONF 
278. to find out the particulars of thatcontract SG 
279. 1 am now looking on the list of drawings R 
280. which usually is checked up when the document comes in TC 
281. Now reading through the standard details which are 
typical of the bill items R 
282. Again we will be looking through this drawing once we 
start going to the bill and pricing MC 
283. Obviously we need to go back to the specific details 
of the drawings MC 
284. We will be checking if the concrete sulphate resistance 
will be in the restrictions SF 
285. and sulphate-resistant cement, which obviously is 
required for such type of works SF 
286. now into the bill R/CONF 
287. Honestly with this type of work the quantities are 
small anyway INIF 
288. All you can say is it is not major works sum 
289. They are not giving you much inside about what is 
happening EXPL 
290. Right, we are under preamble which gives you the method 
of measurement is the civil engineering method of 
measurement, 2nd edition R 
291. Again we will look on this to see if there is any changes 
to the measurement from the standard SG 
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292. which obviously have an effect on the tender SF 
293. 1 am now reading the day work schedule page R 
294. then to the general items section R 
295. So again which we speed through R/CONF 
296. really to find out what the items of work in the BOQ 
itself SG 
297. Again these items would be priced at a later date GC 
298. Well the preliminaries are time related SF 
299. tends to be one of the later things you price RET 
300. because it depends on the programme and the programme 
tends to be the last thing that comes of the tender 
period from the planning engineer SF 
301. 1 see we have got some testing to provide for the 
engineer R 
302. 
, 
When we are reading through the BOQ R/CONF 
303. We are looking for anything that we might think is an 
error SG 
304. 1 mean things that we know they are within the documents 
have to be built TC 
305. or things that are incorrectly built TC 
306. may be items that there is wrong quantities against them TC 
307. 1 see an item here in the prelims which got no quantities 
against R 
308. It doesn't mean that we are going to do the work TC 
309. that is a query Q 
310. Again when we start looking on the document MC 
311. and the drawings MC 
312. 1 tend to have a pad beside myself TC 
313. anything that you see as an important note SG 
314. or you think it needs a clarification SG 
315. or some sort of further investigation SG 
316. you knocked down CONF 
317. and that is something obviously you drop down at a 
later time MC 
318. But as I said we are looking at the bill R/CONF 
319. to find out a number of things SG 
320. we are getting a feeling of the work SG 
321. we are looking for areas not built correctly SG 
322. which obviously there are ways to make money out of 
BOQs EXPL 
323. sometimes it is better not to raise a query if you do 
money from it TC 
324. If we see a benefit from it TC 
325. we tend to ignore it CONF 
326. Obviously well presumed that we will be doing this 
sort of work before AS 
327. and we will have a certain amount of experience in 
pricing this sort of work AS 
328. Uh. So if you can see any gains from the bill TC 
329. or from the documentation TC 
330. we will not bring that to the engineer CONF 
331. and we will be making an estimate of what we can g 
from CONF 
332. so there does not appear to be a large provision of sums sum 
333. which sometimes you can have a; E200,000 prime cost 
bill SF 
334. which tends to be a little bit worrying GC 
335. Right we are looking on the actual work content R/CONF 
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336. Again, we are looking to see the actual bill works 
items of the excavation SG 
337. disposition and the disposal of the top soil SG 
338. and there is a balance between the, three as with the 
concrete and other things SG 
339. we are looking to see if the actual works right as a 
document SG 
340. again we might drop on a particular item CONF 
341. for instance, an item of concrete where they built 
tank even SF 
342. may be the drawings consider more than that INF 
343. we look on the quantity R/CONF 
344. and that may be more by a factor of 10 or 15 sum 
345. Obviously we can't check every quantity TC 
346. but if something does look wrong TC 
347. we drop on that and measure the quantity CONF 
348. to see which one is correct SG 
349. just going through the sections describing the main 
items of work R 
350. So I just see a particular item there that gives a 
description of a particular item of temporary work R 
351. It does not seem to be in detail EXIPL 
352. Need to have a quick look on the drawings MC 
353. We will be trying to find out if there is any details of 
this particular item that is described there SG 
354. to see if there is adequate information for us to price it SG 
355. Just have a quick look through the drawings VIS, 
356. and see what is described there SG 
357. 1 don't think it is possibly it is INF 
358. So again we will be looking for clarification for that Q 
359. Anything which we can't adequately price properly 
we will put queries on TC 
360. So it seems there is some demolition R 
361. which thinking through I can't see an item for it INF 
362. Alright, I found it CONF 
363. We possibly will be asking for any detailed drawings 
if they got any detailed drawings FG 
364. It aids the pricing of a demolition if we got the actual 
construction drawings RET 
365. Having said that we are not going to knock it down in 
a great way sum 
366. There is no contingency at the end R 
367. No problem INF 
368. 'I can't think in something else to do in the task you asked 
me to perform CONF 
TME: 42 Minutes 
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ESTIMATOR B- CODED PROTOCOL 
Line No. Topic Line Activity Code 
1. Uh. normal civil engineering job R 
2. National water council specifications with it R 
3. No problem as far as that is concerned sum 
4. Full bill of quantities R 
5. Makes it even more attractive sum 
6. There is no great time to be spent on 
assessing the job as far as the quantities 
are concerned EXPL 
7. Time; time to tender Q 
8. and the time to carry out the job as it is Q 
9. 1 am looking now through the document R 
10. to check the relevant times SG 
11. Unfortunately it is not there in the 
document that I have sum 
12. It should be there SF 
13. Let us assume it is about 30 weeks AS 
14. Looking very briefly on the drawings Mc 
15. 30 weeks contract seems a reasonable 
sort of contract sum 
16. seems to be the time period we would 
expect CONF 
17. Therefore there is no problem as far as 
that is concerned sum 
18. Looking very quickly at the job Mc 
19. We would expect it to be in the medium 
price range which is for us between 
E300,000 and E500,000 which makes it 
very interesting for ourselves sum 
20. Looking on the site layout drawing VIS 
21. Just trying to get a general picture of the job SG 
22. The structures we are very used to EXIPL 
23. First problem occurs as far as we are concerned 
is in location of the job Q 
24. It lies on the boundaries of our operating areas EXPL 
25. Very important considerations as far as we are 
concerned SF 
26. Therefore we have to look a little bit more 
seriously Mc 
27. Whether we are going to be competitive or not Q 
28. And knowing the area there is likely to be a 
number of contractors who are very 
competitive on this sort of work SF 
29. The first thing is to try and find out by one 
means or another whether they are likely to be 
in for the job or not FG 
30. To try to find out the competition FG 
31. On this particular case if I can just add something TC 
32. If this was within say 30 miles from where we 
are, we shouldn't bother with that, we should be 
very interested straight of. That is worth adding SF 
33. As far as the documentation is concerned R 
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34. It appears to be very much in line with normal 
civil engineering practice for the water industry sum 
35. 1 found here the required time for completion is 
26 weeks R 
36. That is no problem sum 
37. Liquidated damages R 
38. About the right sort of things we would expect sum 
39. No huge amount for minimum interim certificates R 
40. Looking through for a brief description of the 
BOQs R 
41. List of principal quantities and the various elements R 
42. Do not seem to throw up anything that we are 
looking for very quickly though wouldn't 
expect sum 
43. Do not seem to throw any inbalance in the job 
anywhere that we throw to us, 
44. and do not include a mechanical and electrical 
element which suits us very well indeed EXPL 
45. Period to tender SF 
46. 1 don't know if we know that Q 
47. but let us assume it is 4 weeks AS 
48. A reasonable period and therefore we will be no 
problem as far as that is concerned sum 
49. As far as we can see a normal civil engineering 
work items sum 
50. Very quick flick through the bill of quantities MC 
51. Humus tank construction using in-situ concrete R 
52. It suits us very well sum 
53. Normal pipework and metalwork enquiries sum 
54. Usual suppliers will be involved to get the GRP INF 
55. Small pumping station again in-situ concrete R 
56. - Suits us very well sum 
57. Uh. 1.5m diameter for manhole rings R 
58. make it very easy sum 
59. Very standard sort of work, nothing showing 
here yet should bother us in pricing it sum 
60. A small sampling chamber R 
61. which is very small sum 
62. again in-situ concrete R 
63. again nothing to worry about sum 
64. Inlet works R 
65. always a problem to know what to do with it RET 
66. Again bits and pieces as one would expect sum 
67. Very little pipework involved so far sum 
68. Metalwork seems no problem sum 
69. Crude sewage pumping station R 
70. Slightly larger pre-cast rings EXIPL 
71. Strange a little bit that diameter Q 
72. 1 would expect a segmental shaft SF 
73. Probably we will price it as a segment in shaft CONF 
74. The rest is all very normal, strange sum 
75. It doesn't seem to have a lot of pipework 
involved in this one, very unusual Q 
76. Splitting chamber is the same R 
77. Conversion of a settling tank into a storm tank R 
78. Can't have a clear answer for that TC 
79. Most of that needs to be inspected on site during 
a site visit CONF 
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80. before you can possibly get an idea about what is 
involved EXPL 
81. Small quantities might be involved sum 
82. Diversions R 
83. Pipework diversions of flows R 
84. Pipework and chambers R 
85. Very ordinary connections sum 
86. No long runs R 
87. All seeming to confirm that the job is perfectly 
possible within the 26 weeks contract period SF 
88. 1 haven't seen site works yet Q 
89. So very quick flick through things MC 
90. to indicate it can be done on the time that it is SG 
91. and about the sort of cost we would expect SG 
92. Although usually we had a preliminary enquiry 
from the client who would give us a very vague 
idea of what it might be worth GC 
93. It would be very vague, it should be said SF 
94. Existing works always brings problems RET 
95. This one is likely to bring problems because of 
the spread of the new work INF 
96. Impinging on the existing works which is 
presumably kept going while the new one is 
being built out Q 
97. Might be slightly bigger than I said Q 
98. Second thoughts might suggest it is more than 
I first told you, probably around half a million EXIPL 
99. Makes it even more interesting TC 
100. Usually they include a borehole report with it RET 
101. It doesn't seem they have done that at the moment EXPL 
102. Very important TC 
103. We must get on to client for that immediately SF 
104. Could make a tremendous difference in our 
attitude towards pricing the job EXIPL 
105. So let us have a look on the drawings MC 
106. We are going to flick through the drawing now 
just a quick look MC 
107. to see if there is anything that shows itself up on 
the drawings that may be we missed when we 
flicked through the bill SG 
108. Humus tank VIS 
109. Very ordinary sum 
110. What is the depth Q 
ill. Quite deep 31 rn to 22.5m VIS 
112. Something like 9.00m deep cow 
113. Therefore very important that we know the 
ground conditions SF 
114. Very little above the sea level INF 
115. We are only talking about 22m above sea level 
in Nottinghamshire EXPL 
116. We have got to watch it like a hawk because there 
is very bad ground in the area sum 
117. Might not be. It might be TC 
118. So that will be a further information we shall be 
looking for straight away FG 
119. Carrying on looking at drawings Mc 
120. Crude pumping station VIS 
121. Very much as we would have expected. sum 
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122. Not a very deep one INF 
123. Pre-cast concrete segments VIS 
124. Should make it reasonably easy to construct INF 
125. OR probably we will price it as segmental units 
not as manhole rings as they said CONF 
126. That is just a first reaction TC 
127. Recirculating pumping station again 1500 
diameter rings VIS 
128. Not very deep INF 
129. No real problems sum 
130. Recirculating chamber VIS 
131. Horrible little things EXPL 
132. Typical of sewage works. Holes and openings 
everywhere RET 
133. Not very impressed with the standard of the 
drawings. It does make a difference TC 
134. If you get a bad impression straight off, you tend 
to be less interested, if you have got to work 
hard on the drawings TC 
135. 1 see few details on the metalworks VIS 
136. It helps in pricing them SF 
137. Splitter chamber Vis 
138. No particular problems with that INF 
139. Not good looking chamber but very usual sum 
140. This is a conversion of a settling tank into a 
storm tank VIS 
141. As we mentioned previously TC 
142. While certain amount can be taken from the 
drawings, inspection of the units on site is 
always of paramount importance in pricing the 
items of work SF 
143. Inlet works VIS 
144. You never put enough money against an inlet 
works RET 
145. Always bits and pieces RET 
146. Always problems RET 
147. This one may not be as bad as others, just plain 
lines that lends itself to be more easy in 
pricing it sum 
148. Sampling chamber VIS 
149. Very plain EXPL 
150. Very straightforward sum 
151. Details of steel works last to see VIS 
152. First impressions all o. k. sum 
153. There does not seem to be a drawing which 
indicates to us as far as I am concerned Q 
154. Uh. I was going to say that we are going to a 
bit of effort probably through a manhole 
schedule in the ground as we have no idea from 
this drawing EXPL 
155. First, whether it lies on a hill Q 
156. Whether there is any problems with the contours 
of the site Q 
157. Sections on the site for the contractor's compound VIS 
158. at least they thought of that TC 
159. We do not know about the state of roads and 
access at this moment Q 
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160. Next problem what we got on the time period 
in pricing this one Q 
161. This one would take an estimator for a week 
or so to price INF 
162. Have we got anybody available to carry out that 
work in that time Q 
163. Very important SF 
164. Not worth trying to do a quick price on a job 
like this RET 
165. Let us assume we will have AS 
166. Let us assume that the take off and enquiries 
can be done in the next day or two AS 
167. We ought to know the reason why we 
shouldn't price it Q 
168. The only problem is the distance from the 
office and from our base sum 
169. which might give us when we come to price 
it a situation where we are putting it in number 
two place rather than number one place EXPL 
170. Apart from that I would think that we will be 
right to straight price it sum 
171. Not easy TC 
172. Makes it even more attractive TC 
173. Very important that last remark TC 
174. Very little if anything to subcontract sum 
175. Makes it even more attractive TC 
176. 1 am sure we are not having any real problems in 
getting enquiries back INF 
177. because I haven't seen anything that would need 
to subcontract on the whole job EXIPL 
178. just few suppliers SF 
179. ' Pick and Evey R 
180. We know very well EXPL 
181. but there is nothing particular here that make on 
us a particular influence, apart from the distance 
from the office sum 
182. Nice one to get if we can get it in the reasonable 
price GC 
183. Very important thing which I should have 
mentioned earlier SF 
184. that the consultants are well known to us and 
are reasonable people to work for EXPL 
185. which is another plus point we always look for SF 
186. Not so many who will try to avoid that on an 
area of little choice to make INF 
187. because of the distance from our office EXPL 
188. That will be an advantage to us SF 
189. Tle client will hardly affect the issue, this people 
will act as the client in this particular case EXPL 
190. So overall just looking quickly at it MC 
191. We will probably say will we get through the 
first stage CONIF 
192. indigent of getting out the enquiries GC 
193. If we win something bigger in the meantime 
we can always go quickly through it GC 
194. But we will go diligently through the first 
stage of the operation CONIF 
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195. Whilst we may have a gap in our estimating 
programme AS 
196. we would have to check very carefully that we 
have the right estimator available SF 
197. Sewage works are contractors graveyards RET 
198. and we must have somebody who fully 
appreciates this before we go further into this SF 
199. So we are looking on the programme for 
tendering to be of extreme importance GC 
200. to see that we have got the right man to price it SG 
201. Any unexperienced estimator at this type of 
work, may be thoroughly experienced at other 
types of work, could lead you to a disaster SF 
202. It didn't seem to be very much work involved 
unless I missed it INF 
203. 1 am looking back now into the first part of 
the bill of quantities MC 
204. the reason being that this might give me some 
indications about items such as maintaining 
flows through the existing works SG 
205. Very often they are isolated RET 
206. but not in this case EXPL 
207. Gives the one some idea about the amount of 
temporary works that one has to do TC 
208. Uh. we found the borehole log CONF 
209. usually it is bound in the bill RET 
210. It can give us some idea on the ground 
conditions SG 
211. We'll know because it is only one borehole INF 
212. We got to know the location of this borehole Q 
213. and there is only one borehole because it looks 
as if it is an utterly consistent material INF 
214. Very dangerous to have only one borehole RET 
215. Very dangerous TC 
216. But let us have a look at it MC 
217. Utterly consistent heavy clay EXPL 
218. Just the type for the kind of structures that 
we got to build sum 
219. Hope it is good to be proved GC 
220. Ground water also very important RET 
221. Settling down at 4.2m R 
222. Not too bad sum 
223. It would appear that only one basic type of 
structures is affected much by the ground water INF 
224. and in this clay one would think it could be 
controlled relatively easy, RET 
225. Here is a plus point we found sum 
226. The borehole log appears to be good sum 
227. Detailed drawings appear to be very standard sum 
228. Specifications R 
229. This also ought to be very standard RET 
230. Big specifications on the sign board than on 
most of the sections EXPL 
231. Most of the specifications clauses are from the 
National Water Council SPECS EXPL 
232. Let us see what the engineer has for his own 
accommodation Q 
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233. Strangely enough that is the very process we 
should be going through TC 
234. 1 am looking now into the specifications MC 
235. firstly the accommodation facilities R 
236. gives us some idea of the attitude of the engineer SG 
237. If he has asked for a Rolls Royce accommodation 
one gets the impression sometime that he might 
spend larger time writing the specifications on 
his office than to the job' GC 
238. We do see that sometime even it tends to be 
humorous SF 
239. And certainly he has asked for some equipment 
that one would expect R 
240. The office is 5x4x3 R 
241. Strange size sum 
242. Probably we will offer a portcabin with the 
same floor area CONF 
243. Looking down very quickly MC 
244. There is nothing unusual as far as that is 
concerned sum 
245. He asked for very ordinary supervisory offices R 
246. which leads us to guess the level of supervision 
he would expect for this type of work INF 
247. He is not obviously going to flood it with staff 
which might make life a little more difficult 
for us sum 
248. Nothing very restrictive on the working hours sum 
249. Normal working hours R 
250. Nothing very restrictive on some of the noisy 
operations sum 
251. Looking through very very quickly MC 
252. Exactly what we expect from the additional 
specifications items that are added here SG 
253. Something here missed in the bill EXPL 
254. that is the precast filters R 
255. 1 wasn't aware of any filters in the bill Q 
256. but there is a clause here that it is going to be 
used in this contract EXPL 
257. Often happens GC 
258. Looking at testing R 
259. Pressure pipelines first R 
260. 1 don't know why they haven't used the 
standard clause Q 
261. but it does not appear to be, skirn reading, that 
it is anything of any special sum 
262. With respect to conditions of contract TC 
263. Coming from a client that we deal with 
regularly SF 
264. Coming from a consultant that we deal with 
regularly SF 
265. Unless we find something in here on close 
looking through when we are pricing the job AS 
266. which might indicate some special conditions of 
contract or special clauses from the national 
water spec. EXPL 
267. We wouldn't normally give them a second 
thought CONF 
268. As I said very standard this client SF 
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267. and very standard to this consultant SF 
268. and there is nothing acrimonious in here in 
anyway as far as those people are concerned sum 
269. You might have paid more attention that if you 
are doing that job for a particularly delicate 
job for one reason or another or a new client 
and you do not know what he has modified in 
the conditions RET 
270. and probably you will not look at this stage to 
be quite honest CONF 
271. 1 am now reading the constraints through the 
programme R 
272. It could be quite important SF 
273. Basically we must coordinate with the M&E 
contractor INF 
274. Whom we don't have no idea who it is Q 
275. Two pumping stations ready for the end of 
week 26 R 
276. there should be no problem sum 
277. Humus tank week 20 R 
278. Again it should be no problem sum 
279. Modifications to inlet works shall not commence 
to week 21 R 
280. Uh. that is could be a little bit of problem INF 
281. Modifications to inlet works can often take a 
little bit longer than one should think EXPL 
282. and that is leaving only five weeks at the end 
of the job to do that EXPL 
283. Might be something that we might have to look 
at closely during the tender period with the 
client FG 
284. It is just possible but it is not something it can 
throw the contract SF 
285. Obviously the client is very experienced and he 
would think it can be done AS 
286. We only just have to look on it CONF 
287. and let us accept his assessment at the moment AS 
288. It does not appear that anything in here can 
produce any problems sum 
298. Location plans VIS 
290. does not tell us very much sum 
291. Except that the site is not in a built-up area EXPL 
292. Obviously a site inspection on a later date would 
be pursued CONF 
293. Absolutely vital SF 
294. and let us assume we got another one in the same 
sort of area AS 
295. so we go there on the same day CONF 
296. we might take it early, we might go late GC 
297. It is not a job that does not appear to be early or 
there is terrible constraints as far as we are 
concerned sum 
298. It is possible very often the client arranges for 
a site visit for all the contractors bidding for 
the job each at various times during the day RET 
299. Very often happens on this type of work RET 
300. Particularly if it is in the hands of the consultants SF 
301. But it looks to be good straight access sum 
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302. and not far from the road EXPL 
303. so it would appear that it seems to be no particular 
problem sum 
304. or makes us feel there is a problem in the job sum 
305. All in all that is generally how we look on the 
job TC 
306. One other point I think I have mentioned it, but 
I will mention it again just to ensure that I did SF 
307. We will probably have been told by the client 
that this job is coming AS 
308. It is very unusual for this type of job INF 
309. especially from Severn Trent RET 
310. just to land on your desk so we would know 
that a job of that nature and value would be 
coming EXPL 
311. But the system we have gone through have 
assumed that we didn't know that this job 
is coming AS 
312. and therefore we had a quick look CONF 
313. to see whether we are interested or not in 
pricing it SG 
314. Because obviously we are committing a lot 
of money in a job like this EXIPL 
315. One week of estimator's job EXIPL 
316. To conclude you were asking for my initial 
reaction TC 
317. 1 am saying this is a normal sort of job that we 
come up against sum 
318. It doesn't seem anything against in it that 
demanding anything special for alerting 
a planning engineer sum 
319. or something like that there is something special 
to put more effort in it sum 
320. this one does not INF 
321. Very good access to the site RET 
322. It seems to be perfectly normal structures RET 
323. 1 can't think of something else that would 
influence us there AS 
324. Can't think of anything else at all CONF 
325. Let me look back through the notes MC 
326. This type of job anyway we would be much 
biased to price it SF 
327. the constraints just to summon them up would 
be sum 
328. whether there is anything in particular difficult 
with the ground RET 
329. there isn't sum 
330. whether there is anything in particular dffficult 
with the construction of overstructures RET 
331. there isn't sum 
332. whether there is anything in particular difficult 
with respect to time period given RET 
333. there isn't sum 
334. whether there is anything difficult about 
maintaining the flows RET 
335. they do not give us too much information EXPL 
336. but it looks as if they tried to build these 
structures independent than the old works sum 
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337. so you gradually transfer the flows as you go 
338. access appears to be of no particular problem 
339. Time period of tendering appears to be normal 
340. All those things you can add them to the plus 
points 
341. and the only minus point as far as we are 
concerned would be the distance from our 
operating base 
342. End of story 
343. 1 don't think I can say anything more than that 
344. that is the process I would normally go 
through 
=: 40 minutes 
INF 
RET 
RET 
sum 
sum 
TC 
CONF 
TC 
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ESTIMATOR C- CODED PROTOCOL 
Line No. Topic Line Activity Code 
1. First thing to establish where the job is Q 
2. Cropwell Bishop R 
3. Not meaning a great deal to me sum 
4. Of course we used to have a location plan 
within the document SF 
5. Where is the location plan Q 
6. Location plan here we go R 
7. 6 miles north of Nottingham R 
8. So we knew the sort of area we are 
talking about EXPL 
9. Obviously in normal circumstances we 
wouldn't do work in such area INF 
10. Another region will do it CONF 
11. Except for the purpose of this exercise 
we certainly shall do it AS 
12. To make sure it is part of our work if you like EXPL 
13. Secondly, have a quick look through Mc 
14. To see we got some principal quantities or 
a brief description of the job SG 
15. Which tends to come into in various 
places depending on the consultants 
who are dealing with it RET 
16. Alright so we got various tanks R 
17. Pumping stations R 
18. Different type of chambers R 
19. Constraints to the programme R 
20. The M&E contracts R 
21. Which will presumably be let separately INF 
22. But obviously that is something that we 
would check on next FG 
23. To see if we will be responsible for the 
M&E works or not SG 
24. If we are responsible obviously then we 
have to get a quotation from one of our 
favourite sub-contractors AS 
25. "Mat is usually the thing that takes the time 
and is a problem RET 
26. Yes, the implications that this M&E 
contract will be completely separate sum 
27. But we will have to have partial completions 
for various dates to let the M&E Contractor 
come and do his part of the works. EXPL 
28. The next thing we just have a quick look 
at the contract documents MC 
29. To make sure that it is on the familiar clauses 
of the specifications SG 
30. And conditions of contract SG 
31. As I see we are basically on the water 
industry specifications R 
32. And the ICE conditions of contract, fifth edition R 
33. We don't see any problems with that sum 
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34. There are amendments for the specifications 
in this document EXPL 
35. Which we would go through not necessarily 
straight away FG 
36. But certainly we will make sure that we read 
it before we submit our tender CONF 
37. To make sure that they haven't put any 
conditions into the tender we would not 
feel happy about accepting SG 
38. Let us look on the documents MC 
39. We see we are looking at 26 weeks for the 
whole of the works R 
40. Interesting it does not mention anything in 
there about partial completion which it did 
back here EXPL 
41. Saying that such thing should be completed 
by weeks 16,20 and 21. R 
42. So that without reading into that TC 
43. They are expecting things to be finished sum 
44. But they are not actually terms within the contract sum 
45. Otherwise they will appear here with the 
liquidated damages SF 
46. So while it is desirable it does not appear to be 
contractual INF 
47. The usual schedule of sub-contractors R 
48. And particulars related to insurance and such that R 
49. The employer is obviously we are familiar with sum 
50. As is the engineer sum 
51. We would certainly make sure that they are 
people that we know CONF 
52. Certainly Severn Trent Water we have done a 
lot of work for them SF 
53. No problem at aU sum 
54. Sometimes we get private clients GC 
55. Obviously we have to have a look on them to 
see their financial position and actually can 
they pay us to do the works CONF 
56. Where do we have to take on board some sort 
of risk or whatever Q 
57. Certainly the engineer we tend to have engineers 
that we get on with GC 
58. Ones that we don't GC 
59. We know we have done a lot of work for 
Peak & Evey RET 
60. We know all about them EXPL 
61. And obviously that can affect out tender one way 
or another INF 
62. If we know he is a good engineer we can load it 
because we never get any trouble GC 
63. It can certainly affect how keen we are on the job SF 
64. It would not necessarily affect ruling it out TC 
65. 1 don't think we would ever say we are not 
going to do a particular job because so and 
so we don't like them GC 
66. There are others that we know perhaps a little 
bit more than others SF 
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67. You know that some of these will say for 
instance that the amendments in the 
specifications is there as a guide, no need 
to stick to them whole-heartedly RET 
68. Others you know, the letter of the law stands 
there and you can't afford to take chances RET 
69. In particular sort of concrete mixes sometimes 
those state they want sulphate resistant cement RET 
70. Where they don't actually want sulphate 
resistant properties which can be achieved 
by other ways SF 
71. So when we get our quotations from the 
concrete companies we can take a decision 
as to whether we will turn to alternative mixes 
or whether we know they gone stick to the letter 
of the specs Q 
72. Obviously it wouldn't affect the job tremendously 
but it certainly affects the little bits and pieces sum 
73. You know we say well they are good client GL 
74. We know jobs that had been repetitious if 
you like SF 
75. 'Me documents you know are 100% right EXPL 
76. You know that the consultants have done this 
job before, they know all about it EXPL 
77. You know there is no scope in making mistakes 
one way or another EXPL 
78. You are not going to get screwed. You are 
not going to get a fortune out of them sum 
79. In such life there is usually some varied clauses 
to the conditions of contract RET 
80. Which are not particularly important usually SF 
81. But we would go through MC 
82. Just to make sure they are OK SG 
83. We are talking about clauses for arbitration R 
84. The usual bribery and corruption business R 
85. Fixed price R 
86. Obviously it is going to be a final price for 
this duration of contract EXPL 
87. No Bond R 
88. Such as so TC 
89. There is nothing here that stands out to be 
articulating something unusual sum 
90. We need to read it a little bit better later FG 
91. Now I tend to flick through the general clauses 
of the specifications MC 
92. General clauses usually gives you details like 
preparation of the site whether they got 
any temporary roads etc RET 
93. Accommodation for the engineer R 
94. Public services available R 
95. It tells us that we have electricity within the works R 
96. The usual safety and service and just like 
restricted areas R 
97. That can be a fairly onerous thing INF 
98. Not usually with clients like Severn Trent Q 
99. but have worked in places like refineries where 
obviously there is a lot of restraints RET 
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100. So that is something we would look at a little 
bit closely CONF 
101. To see if there is any reason why we can't work SG 
102. Again what to work on any particular time SG 
103. Intervention with their operations R 
104. Obviously some things need to keep working 
while we are there INF 
105. Contractor's compound on site R 
106. Usual kind of thing EXPL 
107. Nothing particularly onerous there sum 
108. Then we come to the materials R 
109. And the working part of the specs R 
110. Which at this stage is not of real interest TC 
ill. We tend to look on that in a lot more detail when 
we start to do our enquiries EXIPL 
112. At this stage. I am simply looking through CONF 
113. To see if there is anything particularly to 
watch out for SG 
114. Or particularly favourable about it SG 
115. Now we come to the boreholes R 
116. Usually sewage works and such water 
types are a problem RET 
117. It appears to be very deep INF 
118. Obviously without looking on the drawings 
and finding out where exactly that is MC 
119. All seems to be fairly stiff clay with water 
all the way down sum 
120. There is only one borehole which was taken 
in July 199(', EXPL 
121 Which was -ý-- _` ýrly dry season 
INF 
122. Anyway so wnilst the ground water rose to 4.2m R 
123. We would expect it to become more wetter when 
we do the works INF 
124. One borehole suggests that the works we are 
going to do is very small INF 
125. List of principal quantities R 
126. That is a fairly detailed list of principal quantities EXPL 
127. Very often you won't get up split like that sum 
128. Very often they just say so many cubic meter of 
concrete or whatever not in detail like that sum 
129. Obviously as with all water industry works it 
splits up into a lot of different sections EXPL 
130. The next thing we will have a look at MC 
131. To get a rough idea of what sort the size of the 
job is SG 
132. Just probably to add up the concrete quantities CONF 
133. We are looking at about 160-170 cubic meters 
of concrete sum 
134. Which gives us a feel for the job EXPL 
135. It gives us an idea of sort of value EXPI, 
136. If we took a figure perhaps of F_350/M3 AS 
137. We can say it worth about E60,000 perhaps 
in the structures CONT 
138. This is a ball-part figure which tells us a 
likely value of the contract sum 
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139. We haven't looked on the pipes yet SF 
140. It is something unusually for such detailed 
list of principal quantities EXPL 
141. They didn't tells us what distance of pipes are Q 
142. What size they are Q 
143. So we would have to go through to part 9 MC 
144. Essentially to see whether they are big ones or 
small ones SG 
145. 1 imagine from the size of the job they are 
going to be fairly small INF 
146. 300 there, 375,450 R 
147. And ductile iron the maximum 300mm R 
148. So we are talking about a very small diameter sum 
149. Very shallow, 1.2m, 1.2m, 2-2.5m R 
150. Ahight there would not be a great deal of value 
in there INF 
151. We got around 300 meters altogether sum 
152. If we said a very rough figure of E15,000 on that CONT 
153. So we are looking for a contract value of 
something like f. 90,000 - f. 100,000 sum 154. 1 would imagine or in very round figure a; E100,000 CONF 
155. It might be much over, it might be less. I 
would guess Q 
156. So that gives us an idea of the sort of value 
and size of the job as it is EXIPL 
157. It may be changed as I said CONF 
158. It may be down as E60,000 or 00,000 or 
end up to be E150,000 sum 
159. But this gives us a feel for it EXPL 
160. Obviously at that point the Chief estimator 
would say well that is the sort of job that a 
particular estimator can deal with GC 
161. Some estimators are good in doing water 
others not SF 
162. So there is nothing there so far that would say 
to us we won't do the job STUM 
163. 'Mere is nothing complicated in terms of the 
specifications sum 
164. We glanced that CONF 
165. The bills of quantities at this stage R 
166. We wouldn't bother looking through in great 
detail apart from what we have done already sum 
167. There is usually a bit of metal works RET 
168. And that is the other problem INF 
169. We got lifting equipment specified by the engineer R 
170. This is straight forward once we find out who 
makes them SUM 
171. Or who they are? Q 
172. More or less that is enough at this stage TC 
173. Certainly we have a glance at the drawings at 
this stage MC 
174. Just to get a feel for the general layout SG 
175. We have already looked in the documents CONF 
176. To get an idea of the type of work that is involved SG 
177. What we got Q 
178. Let us look back here MC 
179. We know we got a humus tank: one R 
180. Crude sewage pumping station, etc R 
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181. So let us have a look on the site layout drawing CONF 
182. The humus tank is obviously this square structure 
there INF 
183. The recirculation pumping station is there VIS 
184. Crude pumping station is no doubt in somewhere 
there VIS 
185. Probably that INF 
186. Recording sampling station VIS 
187. 1 can't find on the drawings sum 
188. It is not of particular importance INF 
189. Anyway, gives us an idea of the fact that we got 
work in the different parts of the site sum 
190. Which can sometimes cause problems INF 
191. You, obviously got an existing structure 
in-between there EXPL 
192. Which means there is no doubt there got to be pipes 
from here, rounding the existing possibly, to there INF 
193. From looking here MC 
194. Presumably this are the lines for the sewers AS 
195. It is difficult to see on this sum 
196. So these are ducts and not pipes EXIPL 
197. But at least we got the feel for the job sum 
198. That we are going to end up with pipes going 
under or over or around existing pipes sum 
199. Which obviously causes its own problems SF 
200. And needs a little bit of further thought MC 
201. Site layout seems to be exactly the same as that one VIS 
202. But some more clearer EXPL 
203. Uh that without the existing structures sum 
204. So now we know what there is CONF 
205. Now we come into the details plan of the structures VIS 
206. At this stage, we probably wouldn't spend too 
much time looking on this TC 
207. It is just to feel for how deep they are and that 
sort of thing SG 
208. Looking on the humus tank VIS 
209. It is interesting square on the top and it is 
sloping down to EXPL 
210. That sort of thing a peculiar shape INF 
211. 31m minus 22.5 R 
212. Around 9m deep COMP 
213. Which no doubt cause certain problems in 
Construction INF 
214. One thing I notice straight away about this MC 
215. Whenever you get a peculiar shape tank with a 
sloping side sum 
216. There is two questions to think MC 
217. First of all what is happening down here Q 
218. They are showing sides with blinding on top EXPL 
219. So clearly they are expecting you to excavate it 
to that shape and to blind the surface well INF 
220. Unless the ground is exceptionally good that is 
not going to happen RET 
221. It is almost impossible to excavate a structure of 
that shape SF 
222. g in four directions Especially if it is slopin EXPL 
223. Because it is a square top; it is not a conical 
shape; it is not a round one sum 
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224. It is a square one INF 
225. Which means you got interfaces between the 
different sides EXPL 
226 And there is no, I would suggest, machine 
operators who can dig 9 meters deep RET 
227. Which is very deep SF 
228. You are looking from 31m to 22m in round 
figure to that sort of shape EXPL 
229. Which means we would have to spend sometime 
considering how we are actually going to build MC 
230. As I said there are two things to look at CONF 
231. First of all if it is being shown to the excavation 
with blinding EXPL 
232. First of all the blinding is not going to stay 
apart there INF 
233. You need a top shape to get blinding on SF 
234. Which creates its own problems INF 
235. Uh the only other way of doing it which no doubt 
will be very expensive but perhaps we would like 
to look at as an alternative Q 
236. We dig the sides straight sum 
237. And perhaps putting in some sheet piles EXPL 
238. And construct a cofferdam sum 
239. You will never get a back fill in there because 
it is too flat to be able to compact backfills EXPL 
240. That would not be acceptable to the engineer, 
I am sure RET 
241. What we are then we have to do MC 
242. We say to ourselves well what sort of assessment 
we can make of how we can excavate Q 
243. It is shown it is 80mm blinding VIS 
244. We know we are not going to excavate that 
line 100% RET 
245. Are we going to end up coming up and perhaps 
make an assessment of how much extra 
concrete would be wasted Q 
246. Because all that will be filled by concrete EXPL 
247. The next thing I would perhaps do with this one 
is to see how the formwork would be built FG 
248. Because no doubt the top formwork is built EXPL 
249. So they expect you to place the concrete in that 
structure with formwork on top INF 
250. And it is 9m deep SF 
251. So we have to consider doing it in sections 
perhaps with construction joints sum 
252. That is something we will get into later MC 
253. The first thing I have noticed about it there is 
a peculiar shape sum 
254. It has got construction problems INF 
255. We probably ask our temporary work people GC 
256. To have a think about how actually we have to 
build it SG 
257. And get our planning people GC 
258. To consider that SG 
259. It is not so simple as we looked on the documents sum 
260. Perhaps we would push up our estimate of the 
contract value to the upper end INF 
261. It would not make a big difference TC 
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262. Because, I think, that is the sort of values we 
tend to operate RET 
263. The one thing that this structure has got that others 
do not is a lot of very straight forward concrete EXPL 
264. If we get into a complicated inlet works RET 
265. Narrow holes, a lot of junctions EXPL 
266. Then you get more formwork and more difficult 
handling of concrete INF 
267. This is the crude pumping station VIS 
268. Certainly they are going for some strange shapes EXPL 
269. Having found one that is a bit peculiar RET 
270. We now would look for the others CONF 
271. This is a round one EXPL 
272. Otherwise it is very straight forward INF 
273. That does not look to be particularly complicated sum 
274. There are allowance for overbreak in concrete 
over there VIS 
275. Which is presumably billed INF 
276 But obviously we have to allow for working space 
on the other sides sum 
277. There does not seem to be a major problem I 
would think sum 
278. That is another small pumping station VIS 
279. Which is in circular shape EXPL 
280. Again nothing particularly complicated one 
would have to sum 
281. Perhaps I have to think about how that is going 
to be built Mc 
282. In terms it is a very small diameter SF 
283. 1 was thinking why this was not built by manhole 
rings Q 
284. But it is EXPL 
285. So that is alright INF 
286. The shape is straight forward sum 
287. This is the details of the pipe connections VIS 
288. It would not be particularly interested at this stage 
289. Platform for the splitter chamber VIS 
290. Again we are getting into the details now TC 
291. Like the modifications to the inlet works 
292. Steel works for the chambers VIS 
293. So we had a glance at the drawings CONF 
294. We have some structures to consider how 
actually we are going to construct them sum 
295. We had to look on the Bills of Quantities FG 
296. Obviously it is very detailed EXPL 
297. We can spend as much time as you like looking 
through this now TC 
298. And start getting down into some of the details MC 
199. But certainly that was the initial view on it MC 
300. So I would just go through this list there CONF 
301. We have decided there is no technical reasons 
why we shouldn't tender ET 
302. We will then look on the commercial reasons FG 
303. Whether we are particularly interested in a job of 
this value at this particular moment of time Q 
304. The likely value of the contract R 
305. We just had a rough idea of that RET 
306. Identification of any queries R 
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307. Well. Initially with that you don't find the queries TC 
308. You don't find the problems, generally speaking, 
until you start looking deeper MC 
309. 'Men you find the areas in the bills of quantities SF 
310. Because always there are areas RET 
311. You found the bits and pieces in the drawings that 
don't type with the bills of quantities and such like SF 
312. Any foreseen problems in construction R 
313. Well we just had a glance at these CONF 
314. Certainly the humus tank of how actually we are 
going to do that RET 
315. Main methods of work R 
316. At a later stage what tends to happen GC 
317. First important job then is to prepare the 
enquiries for materials and sub-contractors FG 
318. Obviously without looking through every page 
of the document CONF 
319. 1 know that there is obviously a lot of formwork 
and reinforcement work to be carried out RET 
320. We would consider going out for sub-contractors 
for that SF 
321. We do not do it always, it depends on the size EXPL 
322. The problem we find with sub-contractors for 
this type of work, for this value of work RET 
323. Is that they won't be available to price it at tender 
stage, they might come a little bit later EXPL 
324. So we may tell ourselves, well we will do it 
ourselves sum 
325. Because we are not going to get any sub-contractor 
prices before submitting the tender EXPL 
326. Altematively we may make a few phone calls and 
see if there is anyone interested CONF 
327. We then have a glance through MC 
328. To have an idea about the other likely type of 
sub-contract works S 
329. Will be the steel works like the handrailings and 
the framing channel sum 
330. So we will certainly prepare enquiries at that next 
stage for sub-contractors to supply and fix the 
metal works CONF 
331. 1 would be surprised if there is anything else we 
would like to sub-contract sum 
332. The pipeworks we will do it ourselves SF 
333. The fixing of penstocks and such things we will 
do it ourselves SF 
334. But obviously later we would go through each 
particular page MC 
335. And would extract all those items to send out to 
sub-contractors SG 
336. And we would also during that process would 
identify anything else that we haven't spotted 
in the initial flick through SG 
337. 1 see here we have to build fencing gates R 
338. that Probably we got prices we can produce for INF 
339. But certainly if there is a lot of fencing AS 
340. Or there is any sort of high specification fencing AS 
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341. We have to go for a sub-contractor CONF 
342. We would then prepare the material enquiries 
for the suppliers FG 
343. The main areas obviously would be the concrete sum 344. The reinforcement sum 
345. The pipework sum 
346. And obviously when we send out the enquiries for 
these materials at that stage GC 
347. We have a close look at the specs CONF 
348. Obviously here we have a preparation painting 
for the steelworks R 
349. Which needs to be sent to the metalwork 
sub-contractor INF 
350. Pre-cast concrete filter units R 
351. That is interesting because we have never seen 
pre-cast concrete filter units EXPL 
352. The assumption there would be without going to 
the document to prove what I am going to say AS 
353. That it is the standard specifications INF 
354. And they just throw it in the documents without 
thinking this item is not applicable here INF 
355. It is an annoying habit of consultants have 
unfortunately RET 
356. The whole point of this section in here is to 
identity where are the changes from that EXPL 
357. The fact that you are going on apparently to put 
in items don't apply to this just makes it a little 
bit frustrating sum 
358. One all to do if you see that you have to go through RET 
359. To make sure that there is not filter of that kind SG 
360. There is lifting equipment R 
361. We have noticed that davit systems that was 
mentioned there RET 
362. Obviously there is some requirements there INF 
363. For that item they mention the manufacturer 
of the davit R 
364. Uncompleted information INF 
365. So we have to identify that through our contacts 
in the buying department sum 
366. Who they are Q 
367. Where there address is Q 
368. Perhaps we can get back to the consultants to 
clarify more or whatever INF 
369. Not a problem. It is only a minor item sum 
370. Excavation R 
371. We have to have a close look on that MC 
372. Just to make sure that there was not anything funny SG 
373. Some people, with this depth the trenches 
wouldn't matter RET 
374. But some other would say the trenches have got 
to be vertical all the way before you can batter 
back or whatever it can be RET 
375. We have to look on that sort of thing MC 
376. No Cavity foreman R 
377. That is straight forward sum 
378. Reinstatement of the site roads and such things R 
379. They have actually given in there the width of 
pipeline trenches EXPL 
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380. So you got a trench width INF 
381. A maximum trench width 300mm above the top 
of the pipe R 
382. Which is something that (A) have to be bome 
in mind when constructing the thing SF 
383. Because obviously you can't go too wide EXPL 
384. But secondly makes the calculations for the 
stone beds surround that you got to provide SF 
385. Very straight forward because you can't get 
wider than that EXPL 
386. Again nothing is there to cause any major problem sum 
387. 1 keep on thinking about the pre-cast filter RET 
388. Certainly there is nothing we have seen in the bills 
of quantities that suggests something like that sum 
389. Again they put all that stuff about the filter R 
390. For the time being we will assume there is not any AS 
391. This has all come out in the wash when the 
estimator prepares the enquiries GC 
392. When he reads the specs page by page MC 
393. What we tend to do is we get a sheet of paper GC 
394. And do all the calculations and adding up how 
much individual items CONF 
395. Beside writing up all the queries CONF 
396. Sometimes it is worth to have a glance back at 
the principal quantities once you have added up 
the bill SF 
397. To make sure they match ahight SG 
398. If it doesn't still we are going to price ours CONF 
399. Generally speaking that covers the initial 
appraisal of it TC 
400. So the next job is to prepare the enquires FG 
40L Get those sent out CONF 
402. And next thing we do, is with our computer 
systems to code it in GC 
403. Our girls will start to put it in the computer for us CONF 
404. That will bring across the data base rates and 
resources for most of these jobs RET 
405. There is nothing particularly unusual in this item sum 
406. We would expect to have most of these available 
on the database sum 
407. And obviously the estimator has to sit there GC 
408. And start thinking about pricing it with some 
degree of accuracy CONF 
409. 1 can't honestly at this stage before you actually sit 
down and price it GC 
410. Think of anything else to be assessed MC 
TME: 39 minutes. 
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ESTIMATOR D- CODED PROTOCOL 
Line No. Topic Line Activity Code 
1. A job in the water industry R 
2. Checking first of all conditions of contract 
on which we are bidding SG 
3. And when the tender has to be returned by SG 
4. How long I got to price it EXPL 
5. 1 would normally check that the conditions of 
contract are conditions that we are happy to 
work under EXPL 
6. 1 would check to see whether the conditions 
contain anything unusual that have been 
amended anyway SG 
7. And in this company I would then pass the 
documents on to our quantity surveyors GC 
8. We have set up a quantity surveyor who is 
responsible for thoroughly vetting the 
contract documents EXPL 
9. And looking for anything unusual EXPL 
10. He would normally report back to me 
highlighting the unusual things if there 
were any unusual things GC 
11. And if necessary I would seek to get that 
clarified by the client GC 
12. Or query with my managers GC 
13. Going through the things we would do 
automatically CONF 
14. Insurances R 
15. Something we got to go for an Insurance 
Company for an Insurance quote INF 
16. Unless the bid was under a certain value then 
we have a blanket policy we work on EXPL 
17. They want me to acknowledge the documents R 
18. 1 would do that after having checked that all the 
documents that supposed to be a part of tender 
are there sum 
19. Obviously we start now to read the documents R 
20. To try to understand what the job is SG 
21. Very small works INF 
22. A couple of two pumping stations R 
23. One humus tank R 
24. Some modifications to existing w0 R 
25. So I would immediately be concerned that I had 
to presumably keep the existing works going INF 
26. And I got to bear that in mind CONF 
27. It has got a scheduled completion date of various 
items on the works R 
28. 1 got to take that in mind when we prepare the 
programme INF R 29. The job is for Severn Trent 
30. in a somewhere called Cropwell Bishop R 
31. Which doesn't mean much to me EXPL 
32. So I got to find where that site is located 
geographically Q 
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33. Now it tells me here it is in Nottingham R 
34. Alright so I know where the job is EXPL 
35. If the job is a very small job, in an area that was 
outside our normal working area GC 
36. 1 would bring that to the mind of my governors GC 
37. And just question whether we actually we want 
to go and work in that area GC 
38. So let us assume the answer is yes we want 
the work AS 
39. Right I got now into the section describing the 
form of tender R 
40. Standard method of measurement R 
41. Civil engineering method R 
42. We know that. No problem INF 
43. 1 am trying to find the conditions of contract, 
its type SG 
44. OK. It is the ICE fifth R 
45. No problem INF 
46. 1 would then look to see whether it is a fixed 
price or otherwise SG 
47. Yes it is a fixed price R 
48. The contract is running for 26 weeks R 
49. We will be quite happy to bid on a 26 weeks 
fixed price job sum 
50. If it was over 2 years we will not be interested 
in bidding in a fixed price sum 
51. That will also depend on what is happening 
to inflation Q 
52. If inflation is very low perhaps we can be more 
relaxed about that EXPL 
53- They want us to tell them which parts of the 
work we are going to sublet R 
54. So we would make a note of that CONF 
55. So I would get this information before submission 
of the tender EXPL 
56. They want details of our third party insurance 
and public liability R 
57. We make sure that we got it CONF 
58. We have standard sheets of those- we can send RET 
59. So no problem INF 
60. Obviously we have to arrange a visit to the site sum 
61. So I will be looking to see who I must contact 
to visit the site SG 
62. Seeing where there is any problems about visiting 
the site Q 
63. We have done the first bit which is reading the 
document CONF 
64. Now we look on the drawings to see and 
understand what the job is all about SG 
65. First sight I can't see the new works VIS, INF 
66 The new humus tank to understand it VIS, EXPL . 67. Let me first see MC VIS 68. OK. I found the axis 
69 1 found where the contractor's compound . would be VIS 
70. 1 think I found the humus tank it is going 
to be build VIS 
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71. Now I have decided, I am not actually sure 
what I got to build INF 
72. Now I am looking on the site layout before 
I was looking on the existing layout VIS 
73. That is why I wasn't sure which EXPL 
74. 1 found the plan of the humus tank VIS 
75. Wliich I can relate back to the site planning 
thought MC 
76. Let me check back again in the general 
description of the works MC 
77. To see what is required to build SG 
78. 1 see I got one humus tank R 
79. One circulation pumping station R 
80. Looking on the drawing VIS 
81. 1 can't understand which is which INF 
82. Uh. Now I found it CONF 
83. 1 found the key which got to be demolished 
and which is new EXPL 
84. Right. There is a new humus tank INF 
85. Now, it is becoming clear what the job is 
all about EXPL 
86. Right. I will look through the other drawings MC 
87. Such glance gives us a view on the quality 
of the drawings SG 
88. The amount of information and details SG 
89. There is complications in the humus tank INF 
90. It got a quiet deep down sum 
91. Something like 9 meters COMP 
92. 1 need to remember to look on the ground 
conditions MC 
93. 1 see the cement is to be sulphate resistant VIS 
94. For the high level of sulphates in the ground INF 
95. It is going to need temporary works of some 
description INF 
96. 9 meters deep COMP 
97. 1 believe it will be very large open cut hole 
supported with some form of sheet piles 
for the humus tank sum 
98. Crude pumping station 
TTIQ N . 11 
99. Which is another deep structure INF 
100. 5 meters deep COMP 
101. It is not quite so bad INF 
102. May or may not be depending on the ground 
conditions EXPL 
103. Recirculation pumping station VIS 
104. Is only about 3 meters deep COMP 
105. Probably it will be just a big open hole INF 
106 Some connections to the existing works AJIJ 
107. Let us have a look on it MC 
108. Yes reasonably OK INF 
109. 3.5 meters down COMP 
110. Which lies between the edge of the existing chamber VIS 
ill. Something called splitter chamber VIS 
112 Again that is 4 meters deep COMP 
113. May or may not need temporary works INF 
114. Some work to the existing settling tank VIS 
115. Turn it into a Storm tank EXPL 
116. 1 do not see any problem here INF 
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117. Modifications to inlet works VIS 
118. Another chamber not very deep I meter COMP 
119. So now already looked on the drawings CONF 
120. 1 am now looking for the ground conditions SG 
121. Let us go back to the documents MC 
122. And check the table of contents SG 
123. 1 can't see anything on the instructions to tender 
to tell me what is the ground conditions R, SUM 
124. Here is the conditions of contract R 
125. The specifications tell me about working conditions R 
126. No work on Sunday R 
127. 1 might be concerned about such restrictions SUM 
128. That is the material specifications R 
129. Workmanship specifications R 
130. 1 haven't seen anything on ground conditions SUM 
131. But I have seen something called a list of 
appendices R 
132. So probably it is there INF 
133. Let us see MC 
134. It is appendices which so far appears does not 
contain ground conditions R, SUM 
135. It appears there is no ground conditions INF 
136. So I will be asking the engineer for that Q 
137. Uh. I found the boreholes report right on the 
end of the appendices R 
138. Right I found one borehole CONF 
139. It tells me that water was found at 5.5m and 
rose to 4.2m R 
140. So there is water at about 4 meters INF 
141. Ground appears to be relatively good INF 
142. Ought to stand up at a fairly steep angle INF 
143. So may be some of the chambers would be I 
suppose to be excavated with an open cut SUM 
144. And the more deep ones certainly the one 9 meters 
deep need to be cofferdam SUM 
145. And we need to have some temporary water control 
possibly dewatering or something SUM 
146. It may or may not consider that we have got the 
right skills to check that Q 
147. Or may go for someone to give us a price 
on dewatering INF 
148. Just beginning now to have an idea about the job 
from the list of principal quantities R 
149. Which enable me to put a very rough budget 
price for it SG 
150. 1 would certainly go through and plug rates 
against those items CONF 
151. To give me approximate cost value SG 
152. Then apply the company normal markups GC 
153. To give a rough selling price SG 
154. So that is a clue of how job is worth EXIPL 
155 Alright so I now know a bit about the job SUM 
156. How the grounds like SUM 
157. Some of the problems SUM 
158. And an approximate idea of what it worth SUM 
159. So in a main way. I am trying to get a picture 
in my mind what the job is all about EXPL 
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160. 1 am trying to get a picture in my mind how 
we will do the work EXPL 
161. 1 want to study the temporary works problems SG 162. 1 want to study the sequence in which I will do the works SG 
163. That will be part in my sort mental programming 
of how we are going to put the job together MC 
164. Thus I need to start thinking about some basic information MC 
165. 1 need to get some basic material prices for the 
area EXPL 
166. So I would take off from the bills of quantities 
all the material elements FG 
167. And prepare some material enquiries FG 
168. In this company we will do it through our 
buying department GC 
169. And I will prepare some standard sheets which 
will store the materials I am going to price it GC 
170. It will tell us which are the specifications pages EXPL 
171. In this case it is the water industry specifications RET 
172. So I will be referring to that CONF 
173. 1 would expect them to prepare written enquiries 
for materials and send them out GC 
174. At the same time we are doing that I would be 
looking for any items of work which we might 
consider requesting sub-contractors quotations for MC 
175. And we might look for a sub-contractor to give us 
prices for fix only rebar sum 
176. For fix and strike only formwork sum 
177. And for any other special type that might be sum 
178. Looking at the quantities R 
179. It is all pretty small R 
180. And I would expect us to be doing all that ourselves SUM 
181. 1 begun to identify the problems in the construction CONF 
182. That particular deep construction work around the 
humus tank, wasn't it RE7 
183. So foreseen problems in construction TC 
184. 1 am thinking about temporary works sum 
185. 1 would now probably pass that problem of that 
temporary works to our temporary works 
department and our chief engineers department CONF 
186. And obviously the temporary works engineers 
would produce a solution to that problem sum 
187. And that probably will include dewatering if 
necessary sum 
188. Since we are computer-based organisation GC 
189. 1 would now code the bills of quantities to feed 
into our computer CONF 
190. And our computer systems works on the basis of 
a library of materials and labour rates which we 
update for each tender GC 
191. And I'll pass the document into the girls who will 
punch it into the computer CONF 
192. And sometime later I would get the worksheets back GC 
193. 1 wouldn't necessarily wait for materials prices to 
come in GC 
194. As I can start pricing the works using our library 
rates on the computer CONF 
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195. Obviously when we get actual prices we will go to 
the library and update them CONF 
196. 1 would then look on the labour cost MC 
197. 1 will be looking to see whether we had any other 
jobs in the area FG 
198. If we had I will be finding out what labour rates 
were applying there EXPL 
199. If not I would be preparing a labour sheet for basic 
labour costs and applying what bonuses I thought 
would be appropriate considering the area CONF 
200. Right that brings us to the main methods of work MC 
201. The way we think about doing it EXPL 
202. For this particular job in terms of pricing it MC 
203. First of all we try to do a sequence programme 
which either the estimator or the planning 
engineer will do SG 
204. To try to see whether we are going to sequence all 
the rebar fixing, formwork placing for the rebar 
fixing, formwork fix and strike on a schedule 
programme EXPL 
205. So that we can sit down with a small team of 
a general labour gang EXPL 
206. It is a small job RET 
207. 1 think for its requirements it may be 4 formwork 
hands carpenters, may be 2 rebar and couple of 
labour to go with them and a small concrete gang sum 
208. It is quite a congested site RET 
209. And so we are going to be on the top of each other INF 
210. Let me have a look back on the existing layout MC 
211. It appears there is a lot of pipes going through 
existing pipe runs VIS 
212. So there is problems I guess with supporting 
pipes or going over pipes INF 
213. We need to be careful about it where we dig our 
pipes INF 
214. Primarily I would start the pricing by applying 
labour and plant gangs to the various operations sum 
215. And I would price it all through on that basis CONF 
216. At the end of the day when we got an overall 
217. 
programme 
We would then reconcile the labour required 
SF 
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218. Because clearly it is not a job where you are going 
to bring stuff and labour on and off EXPL 
219. It appears it is a job where you going to have a 
small gang of people with all the skills and they 
will work together possibly for the whole period 
unless you decide to sublet it INF 
220. And then the build up of the rates MC 
221. 1 will be identifying the plant required to excavate 
for the pipe runs SG 
222. And the plant required to install the sheet piling for 
the deep tank and other sheet piles SG 
223. So I will be pricing the plant required for the piling CONF 
224. And if necessary checking the size of the crane 
required CONF 
225. The size and weight of the hammer required CONF 
226. Pricing the piles after I got it back from our 
temporary works department sum 
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227. And make sure that they are the right equipment sum 
228. An item like that would require a plant programme INF 
229. Clearly all the plant require a programme EXPL 
230. As I said the bill of quantity rates will be built up 
using company norms for output refined where 
the estimator thinks fit with the conditions on 
the site RET 
231. Whether conditions that might apply closeness to 
other works and the fiddleness nature of the works EXPL 
232. It is sewage works RET 
233. This is fiddling work EXPL 
234. It is expensive work EXPL 
235. We don't normally get a large reuse of shutters INF 
236. As it is quite complicated shutter works EXPL 
237. So wastage factors for formworks will go up INF 
238. And the question of the recovery of the sheet piling 
for the temporary works whether we will be able 
to recover it Q 
239. We would be concerned about that SF 
240. Generally looking on it quickly MC 
241. 1 can see we can recover it sum 
242. But the formwork you are not going to get much 
reusage from it sum 
243. 1 would probably try to work out the usage and 
reuse of shutters sum 
244. To see what reuse we can get on the top of the 
head guess SG 
245. But I would reckon we would get not more 
than 4 uses for a shuttering sum 
246. In some cases it maybe down below that EXPL 
247. None of the excavation is going to be easy sum 
248. Not quick but slow the outputs EXPL 
249. The humus tank will probably. There is going 
to be a large amount of overbreak in its 
excavation INF 
250. Sheet piles to the outside plan area of the actual 
tank sum 
251. Right to the bottom down beyond the 22m work sum 
252. You will probably putting piles in there which 
could be quite long depending on the water 
pressure sum 
253. Probably 5 or 6 meters below the toe of the 
excavation and we will get a cut off sum 
254. We are very concerned about water pressure 
in case if you would like blow the bottom 
of the cofferdam sum 
255. By which we are excavating right down to the 
bottom level of the cofferdam and going along sum 
256. 1 would not expect looking on the drawing Mc 
257. We should be able to excavate along the profile 
of the cone shape of the tank INF 
258. 1 am expecting to excavate down to the bottom sum 
259. And I am expecting to be sum 
260. . 1 don't know. I am thinking again MC 
261. Maybe we trying to excavate to the shape of the 
cone sum 
262. And put a straight blinding up sum 
263. Maybe we try to do that sum 
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264. You know in the short time we are looking at it 
now. I am not sure which way we go Q 265. Let me look quickly on the borehole SD 
266. To check the soil conditions down to 22 meters 
level SG 
267. That is the 11 meters below ground level R 
268. Very stiff silt clay and mudstones R 
269. 1 would be trying to find someone in the office 
who had some experience in that kind of soil INF 
270. To see whether we are able to able to do it according 
to the profile shape EXPL 
271. Or whether we have to excavate all the way out EXPL 
272. Then build the tank and do some kind of back- 
filing underneath the tank EXPL 
273. Hope we don't need to do it because that is 
expensive sum 
274. So we would be trying to see if we can excavate 
roughly to the profile and then put this 80mm 
sloping concrete blinding sum 
275. Wfich means probably the engineer expects us to 
excavate like that SF 
276. That may give you a clue EXPL 
277. So that approach we will develop by speaking to 
people who had experience in such works FG 
278. Maybe talking to the engineer EXPL 
279. To see what is his experience SG 
280. It could be similar to previous work carried out there EXPL 
281. But looking on the drawings VIS 
282. Again it is not likely we would try to excavate to 
the profile INF 
283. 1 am thinking again now whether or not we actually 
we are going to need sheet piles to the full depth Q 
284. It may be an area which is difficult to sheet piling INF 
285. We need to think more about that FG 
286. And seek advice from our temporary work people FG 
287. As to whether or not that our first thought of 
sheet piles is the right one Q 
288. So we would be developing all that over the 
course of the next few days sum 
289. We are beginning to consider the facts GC 
290. And will carry on that method all the way through 
all aspects of the job CONF 
291. Trying to build in your mind what is the job about MC 
292. Try to visualise how to do it MC 
293. Seeking advice on the ground conditions SG 
294. See if there is anybody else who got any experience 
with that sort of ground conditions Q 
295. Just trying to get first hand knowledge of the 
ground conditions SG 
296. If necessary one might even consider INF 
297. Although it is small job RET 
298. You might even consider whether is it worth going 
to dig a trial hole INF 
299. To see what kind of reaction SG 
300. That is not for a job with that size EXPL 
301. You might talk to the man who did the boreholes Q 
302. To see what kind of problems he had driving the 
boreholes SG 
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303. What we are trying to do is to cut down the costs 
of the temporary works EXPL 
304. And cut down costing of the excavation EXPL 
305. Another thing you look in for this is the formwork sum 
306. The formwork is quiet difficult sum 
307. Quiet expensive formworks sum 
308. 1 am really beginning to think that we are talking 
about 3.5-4 manhours, out of one square meters INF 309. Let us have a look on the crude sewage pumping 
station MC 
310. Now looking on the drawings again CONF 
311. It seems it may be pre-cast concrete manholes 
laid on the outside VIS 
312. That is 5 meters deep CONT 
313. We got to put some kind of temporary works to 
support excavation there I would suspect INF 
314. Going back to the site layout drawing MC 
315. 1 am trying to see where the crude pumping station 
in relation to other works SG 
316. It looks it might be reasonably clear from other 
things INF 
317. But I would expect we might need to put some 
temporary support up to the excavation INF 
318. So I would be working out waste factors on that CONF 
319. When we drawing up where the sheet piles or the 
trench sheets are going to go EXPL 
320. Recalculating for the 250mm concrete thick 
surround to the chamber rings sum 
321. Whether it will be more than 250mm Q 
322. And what to the wastage factor will be Q 
323. And I would think I would probably be very 
generous with the waste factors sum 
324. Now going to the re-circulating pumping station again SD 
325. Checking its layout on the site SG 
326. 'Mat is quite near to the existing percolating filters Vis 
327. This is not so deep INF 
-328. It is only three meters which you visualise VIS 
329. It is again manhole rings with concrete surround 
to it VIS 
330. Surely you can visualise again some kind of trench 
around the whole VIS 
331. Excavating the whole with a backacter with a long 
digging arm INF 
332. Waste factors on the concrete surround same as the 
waste factor for the chambers INF 
333. 1 would allow in the waste factors calculations for 
the bill items the labour needed to handle that sum 
334. There is a mixing chamber which seems to be sited 
on the edge of an existing closing chamber VIS 
335. Nasty little bit of works INF 
336. Probably some repairs to the existing to be done 
cleaning it out AS 
337. Probably you don't find it very good, it is 
leaking, seeping etc AS 
338. work Desperately nasty such types of SF 
339. . You got a 300mm ductile iron pipe coming into it VIS 
340. Looks very very congested INF 
341. There will be a lot of hand dig to get the pipes in INF 
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342. An awkward little bit of work --,, --XPL 343. 1 think you will be thinking about a chain to do all 
that operation rather than individual outputs against 
the items of work sum 
344. Check back on the bills of quantities MC 
345. To see whether or not they are individually build SG 
346 It does appear they are separately build R 
347. It appears to be not related to the conversion of a 
settling tank to a storm tank INF 
348. So presumably they were built separately INF 
349. So you might be looking on that bill in terms of 
pricing it as a whole sum 
350. It is all small quantities sum 
351. So nasty bit of work sum 
352. 1 am concerned about that sum 
353. What else we got Q 
354. We got the splitter chamber VIS 
355. Which is also I think tied up to an existing 
structure VIS 
356. Checking back on the layout drawing MC 
357. To find where the splitter chamber is SG 
358. 1 can't see that at the moment VIS 
359. Uh. I found it VIS 
360. That is a free standing chamber VIS 
361. Relatively close to the existing work VIS 
362. It is 4 meters deep COMP 
363. Again we probably need some kind of trench sheets 
support work for the excavation INF 
364. Again we got some pipework coming at various 
levels VIS 
365. It can be very congested INF 
366 Quite hard dig INF 
367. Quite big diameter pipes INF 
368. 205mm ductile iron pipes VIS 
369. 1 think that has to be ordered especially INF 
370. Probably there will be a lot of specials INF 
371. Very expensive sum 
372. 1 think we need to think carefully about scheduling 
all the pipes before sending out the enquiries sum 
373. All the time I am trying to think in my mind how 
we actually build it. If I am the man who built it EXPL 
374. Then trying to pricing the problems EXPL 
375. Ahight we have got now a pretty good idea 
of the job sum 
376. And I now would go through pricing the items 
bearing in mind what I have seen CONF 
377. 1 would be allowing for waste factors on concrete sum 
378. Waste factors on excavation sum 
379. Over break in excavation sum 
380. The cost of the temporary works bearing in mind 
the re-use of the temporary works sum 
381. Materials elsewhere sum 
382. To get a better usage and a better price sum 
383. And I would build up my price on that basis CONF 
384. When I price all the items I would then reconcile 
it with my overall programme sum 
385. Check that I have got the plant coverage that I 
require sum 
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386. Crainage for handling temporary works sum 
387. The crainage for handling concrete sum 
388. 'Me crainage for handling rebar and so forth sum 
389. And the crainage for handling the pipes and such 
things sum 
390. Make sure I got a complete coverage sum 
391. 1 will be checking that I got sufficient type of 
excavators sum 
392. And I would be reconciling the plant I built into 
the rates with the plant I would believe necessary 
on the job throughout the time sum 
393. Because I would recognise that just what I need 
JCB digging 3 cubic meters an hour EXPL 
394. And only dig 30 cubic meters EXPL 
395. Which gives me 10 hours CON2 
396. 1 would recognise that the machine will be there 
for a much longer period sum 
397. And there will be certain items of plant that would 
be allocated to that job which may not even be 
built into the rates sum 
398. So I will be building up a total of plant value 
for the job sum 
399. And I would be adding that as an item which we 
called plant not included in the rates sum 
400. As a lump sum to my tender sum 
401. 1 will be reconciling the labour sum 
402. Because although I have priced all the labour 
to the items EXPL 
403. From my pricing exercise I get out a list of labour EXPL 
404. So I know how many man hours EXPL 
405. And how many gang hours that I had for the 
questions EXIPL 
406. Then I would look to see how that fits into the 
programme EXPL 
407. And I will be tending to think of a gang size for 
the job EXPL 
408. And I would have a picture in my mind on how 
many men are required for that job for the period 
of time sum 
409. Since I risen a lot of scope of men for doing a job 
of that nature sum 
410. 1 end up I think with a given number of men of 
of different skills for the period of the programme sum 
411. Right on the queries on the documentation RET 
412. It depends on the nature of the queries Q 
413. If I thought there are areas where the documents are 
not clear EXPL 
414. Obviously, we as a commercial organisation we 
can take advantage of that CONF 
415. If I thought for instance they underestimated the 
bill items EXPL 
416. Then we would load our rates one way or 
another CONF 
417. If thought general queries that make me concerned 
that I need further information EXPL 
418. 1 would phone or write to the engineer asking for 
clarification CONF 
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419. As I said we have discussed the main methods 
of work RET 
420. We discussed and decided on what construction 
methods would be RET 
421. The resources RET 
422. We identified items to sub-contract RET 
423. We would get sub-contractor prices and may 
compare to our own pricing CONF 
424. So I have built up a picture of how we are going 
to do it sum 
425. Priced the items CONF 
426. 1 have reconciled the priced items with my overall 
programme sum 
427. And I built up a net cost for doing the job sum 
428. So now I know the total value of labour I work sum 
410 29. By this time I would know the plant sum 430. 1 have priced the material from my library on the 
computer file sum 
431. At some stage before the tender goes I reconcile 
the material rates with the rates we have received 
in the response to our enquiries sum 
432. And I will feed the difference into our computer 
file for the whole price sum 
433. 1 have got my programme so I know how long 
we are going to be on the job sum 
434. Then I need to consider how many staff I need 
on the job to manage the staff sum 
435. It is relatively small job RET 
436. You can imagine there has been a junior engineer 
to give out the setting of the job and gives levels 
to various people full-time INF 
437. You can imagine there is a need to have a foreman 
full-time on the job INF 
438. It looks small enough to run the administration on 
the site in terms of clerical works INF 
439. May be sharing with another local site Q 
440. We have such a thing RET 
441. Or someone visiting on a part-time basis INF 
442. It doesn't look big enough to require a senior man INF 
443. Full-time junior engineer, maybe he got to have 
a reasonable experience EXPL 
444. Full-time foreman EXPL 
445. And a visiting administration man EXPL 
446. 1 would be considering what kind of hutting they 
want to work in as offices Q 
447. Huts and mesh huts and latrines for the labour 
force Q 
448. Going back to the document MC 
449. Something I read in which I might be concerned 
about noise R 
450. That may be some problem with local houses INF 
451. So I will take that into account in our programme 
not to work long hours CONF 
452. Not to start too early, not to finish too late, and 
maybe not working on the weekends EXPL 
453. 1 will be checking the BOQS FG 
454. To make sure that all the items of work I have 
seen on the job are covered in the BOQ's SG 
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455. It is a remeasured job SF 
456. So I know if they have missed anything out AS 
457. It is going to be measured INF 
458. So if they under billed the document AS 
459. 1 would take advantage by putting an additional 
margin on that sum 
460. Similarly if there is any areas where they have 
over billed it AS 
461. Definitely after checking the quantities CONF 
462. 1 would be very weary on putting too much and 
moving some load to the prelims sum 
463. It is a very straight forward job sum 
464. It does not appear if there is much problems in 
thatrespect sum 
465. So I am not expecting any problems in terms of 
building it sum 
466. Very straight forward sum 
467. It is small SF 
468. We may or may not know something about the 
consulting engineer Q 
469. We may know fi-orn past history that he has or 
has not been accurate in his BOQs EXPL 
470. And we would take that into account accordingly CONF 
471. 1 would be checking for queries on specifications FG 
472. 1 want to check that material prices on receive 
for us on the bid SG 
473. That the materials comply with the specifications SG 
474. 1 will be looking for testing FG 
475. Or does he want us to do it Q 
476. If he wants us to do it, I got to provide equipment 
for the people to do it INF 
477. Does he want the tanks to be tested Q 
478. And what proof are the pipes to be tested for Q 
479. So forth I would be working the cost of testing it INF 
480. 1 will be looking on the tolerances required FG 
481. And asking myself whether those were 
realistic or over onerous Q 
482. And then I will be thinking terms of risk factors FG 
483. Is it a risky job Q 
484. How well do we know the ground; is the ground 
gone to react in a different ways Q 
485. Risk that we might have greater overbreak than 
what was allowed EXPL 
486. If there is a risk we might have more troubles with 
ground water Q 
487 If there is a risk of not getting labour in that . particular area Q 
488 1 would be thinking of that sort of thing for . evaluating the risk of the job FG 
489 1 will be looking at the competition we are . competing against 
FG 
Q 490. How busy are they Q 491. How keen are they 
492 How keen are we in terms whether we want the . job or we don't want the job 
Q 
493. In order to think about margin 
SG 
494 Primarily i would be told what the probably margin . the company want it 
EXPL 
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495. But I might discover that maybe as this job we are 
the only contractor dealing with it seriously AS 496. So that might influence our way of thinking on 
probable margins EXPL 
497. At some stage I would talk to the contract manager FG 498. To find out who we had available to do the job SG 
499. 1 might well get that man to the office FG 
500. To explain the job to him. and see whether he 
got any other ideas SG 
501. So we will be using all the resources in the 
company GC 
502. Finally, let me put a likely value for that job sum 
503. 1 need to have a look on the list of principal 
quantities MC 
504. To feel again how big it is SG 
505. The only way to do it is by looking roughly on 
quantities EXPL 
506. What we got for concrete 115,130,140,145? 
160,180,190 R 
507. About 200 cubic meters of concrete cow 
508. We are talking about; E20., 000 for that COUP 
509. 'Me only way to do it is to think in the amount 
of volume of work EXPL 
510. Formwork appears to be 750 square meters 
of formwork cow 
511. There is no rebar here R 
512. So I got to guess AS 
513. We have 200 cubic meters of concrete RET 
514. Say we need around 120kg rebar for a cubic meter AS 
515. So it is about that much rebar COUP 
516. Excavation, around 300 cubic meters COMP 
517. quite difficult excavation RET 
518. Pipeworks R 
519. We have ductile iron pipes R 
520. And concrete pipes R 
521. 1 would say the job worth between f 150,000 to 
E200,000 sum 
522. Normally, for a company like this we get a certain 
class of work EXPL 
523. So we go to our client and we say to him what is 
your estimate for the works EXPL 
524. And 9 times out of 10 we get from the client his 
budget value of the works EXPL 
525. My guess that this would be in the order of 
quarter of million pounds sum 
526. It is a complicated bill of works so until you 
actually price it, you don't know EXPL 
527. The way I think is the way estimator think TC 
528. And in a more detailed exercise we would be 
looking on pricing each item GC 
529. They will be looking on the item on the drawings GC 
530.. They will be formulating on their mind how 
actually they are going to do it GC 
531. They will be imagining the gang doing it GC 
532. They will be imagining the support services such 
as crainage GC 
533. How you got the formwork to that particular item 
of area and this sort of thing GC 
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534. That is exactly how they will be thinking GC 
535. Nothing further TC 
TIME: 50 minutes 
363 
ESTIMATOR E- CODED PROTOCOL 
Line Topic Line Activity Code 
N o. 
1. First thing is to get some idea of what contract value it is SG 
2. 1 need to look on the list of principal quantities MC 
3. 1 am looking on it now R 
4. It seems it is not a very big job INF 
5. The major quantities are for excavation sum 
6. Concrete sum 
7. Formwork sum 
8. A bit of pipes; ductile iron and concrete sum 
9. and paving sum 
10. 1 am now taking off from the list of principal quantities the 
quantities CONF 
11. so that I can get some very crude assessment of what sort 
size of job it is SG 
12. 1 can see this is around 225 cubic metres excavation CONT 
13. concrete a total of 182 cubic metres CONT 
14. formwork 747 metres square COMP 
15. pipeworks; 368 metres of pipework CONT 
16. Some of them are ductile iron EXPL 
17. 1 wonder what diameter they are Q 
18. It could be expensive I suppose INF 
19. Looking on the bill R 
20. as there is some ductile iron pipes EXPL 
21. here 169 metres R 
22. If they were 2 metres diameter, there is a fair amount of 
money in there RET 
23. while if they are 1.50 there is very little money RET 
24. Let me do some calculations on my machine TC 
25. E41,000 basically plus some bits and pieces, plus 20% 
allowances, plus profit etc. another (20%) sum 
26. Around 70,000 pounds sum 
27. Well my instant reaction from that it is a small job INF 
28. Assuming these figures are right AS 
29. Let me have a look on the items in the bill of quantities MC 
30. A bit dangerous business that because they don't mention 
all the major quantities INF 
31. Looking on the quantities R 
32. They are very very small sum 
33. Provisional sums E3500 R 
34. Where is it. Where is it? Q 
35. Severn Trent R 
36. Do I know where it is? Q 
37. Cropwell Bishop R 
38. The location where is it Q 
39. Nottinghamshire R 
40. 1 don't know that place INF 
41. Anyway in response to the decision whether or not to 
tender sum 
42. The value of this is insignificant sum 
43. It is not worth going for CONF 
44. So for our company, we haven't got any major activity in 
that area EXPL 
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45. The one good thing about it. It is for water authority 
which might give us a lead into one or two other things INF 
46. but essentially it is the sort of thing I would recommend to 
send back and we didn't bother with sum 
47. Just it is not big enough in terms of our turnover to do EXPL 
48. The likely value of the contract is to be about f. 60,000 
which is nearly enough for our purpose at this stage of 
the job sum 
49. Identification of any queries on the documentation R 
50. We have a system here where this document goes to 
our quantity surveyors GC 
51. and they will look at things called the conditions SG 
52. Conditions of the contract, we would like to see that 
they are ICE conditions SG 
53. which they are, fifth edition R 
54. Tliat is fine sum 
55. Nothing wrong with the employer or the engineer sum 
56. and the minor amendments they seem to put in are all 
fairly standard sum 
57. So it is a fixed price job R 
58. Which is one would expect on sort value SF 
59. and where is the form of tender Q 
60. Form of tender is page 9 R 
61. Whole of works is 26 weeks R 
62. It is not very long job INF 
63. So again it is not particularly attractive sum 
64. Liquidated damages are quite small EXPL 
65. E900 per week R 
66. No bond R 
67. Which one would expect SF 
68. O. K. so I think we got through first two TC 
69. decision on whether or not to tender RET- 
70. Unless the contracts manager is particularly keen SF 
71. Unless we think we are going to offend the water 
authority SF 
72. We probably don't bother with this job CONF 
73. and the likely value as I said around E60,000 RET 
74. With regard to identification of any queries on the 
documentation R 
75. there does not tend to be anything of undue problems 
in any of these sum 
76. the conditions seem perfectly clear EXIPL 
77. the documents all seem to be there as far as I can 
make out EXPL 
78. 1 am not going to worry about the specifications because 
if he has got that wrong it is his problem AS 
79. 1 am not going to worry about the BOQs until I get 
into the depth of pricing TC 
80. 1 can't see here something peculiar that I can't understand 
S UM 
81. 1 will write it down then CONF 
82. there could be some complicated bits and pieces here EXPL 
83. Probably likely to be more than E60,000 bearing in 
mind the specifications for the water people is quite 
stringent INF 
84. But having said that it does not tend to be much increase 
unless there is a big special item not shown on the 
original list of principal quantities 
sum 
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85. OK. So identification of any queries on the 
documentation, as far as I am concerned at this stage in 
a project study that is it TC 
86. We are happy with the specifications sum 
87. We are going to be happy with the BOQs sum 
88. Method of measurement is OK INF 
89. 1 don't think there is much more to say at this stage Mc 
90. Any unforseen problems in construction R 
91. Right this could be time consuming RET 
92. Yes, start looking at the drawings now MC 
93. We know what water treatment works likely to be SF 
94. Let me check first the list of the drawings MC 
95. to see what is there SG 
96. Existing layout VIS 
97. So this job is typical in this kind of job sum 
98. you got some things stuck in the middle EXIPL 
99. myriad of types EXIPL 
100. myriad of worrying about the existing flow EXPL 
101. and maintaining the existing flow and that sort of things EXPL 
102. so that may be a kind of a problem INF 
103. Looking on the site layout VIS 
104. to see what they are asking me to do SG 
105. Will have a look on the bill again MC 
106. to see what we are going to do SG 
107. we got humus tank R 
108. which I suppose is that Vis 
109. It must be the new one INF 
110. Pumping station R 
111. Storm tank must be that Vis 
112. Splitter Chamber R 
113. That is new INF 
114. Settling tank into a storm tank R 
115. So it looks like it is all pretty well remote from all that 
existing staff INF 
116. 1 would like to know what I am going actually to build SG 
117. and until I look on the drawings I can't decide that EXPL 
118. Site layout is OK sum 
119. So that is the humus tank VIS 
120. It is very interesting INF 
121. What is the existing ground level Q 
122. 31m to 22m Vis 
123. 'Mat is about 9 metres deep CONT 
124. 'Mat is quite interesting isn't it INF 
125. So that instantly throws up problems sum 
126. Possibly with excavation, first of all water table and all 
the rest of it EXIPL 
127. It might need some special temporary works for it INF 
128. Anyway it is not a big thing sum 
129. The next structure is the crude sewage pumping station VIS 
130. What is the ground level Q 
131. 25m to 21m Vis 
132. That is about 4 metres deep CONT 
133. That also might need some temporary works to do it INF 
134. The next structure is about 2 metres deep VIS 
135. No problem sum 
136. Just trying to see what sort of work is involved in all this SG 
137. that is very complicated drawing to me INF 
138. So I will skip it now and look on it later 
Mc 
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139. Splitter chamber Vis 
140. Again ground level around 30 going down to 32 VIS 
141. So that is around 2 meters deep CONT 
142. No problem sum 
143. Conversion of a settling tank into a storm tank Vis 
144. What I normally do on this in order to identify the work 
I would colour all this RET 
145. because it is difficult to see what actually is going on there SG 
146. What is the existing and what is new Q 
147. What is the depth of the new Q 
148. What exactly are the problems with the new Q 
149. Which existing parts are going to be abandoned Q 
150. Where is it going to be abandoned Q 
151. Do we put a new one before we abandon this one Q 
152. All that sort of problems TC 
153. and so I would colour this out and would colour the 
others up CONF 
154. So I can really get a good picture in my mind what the 
engineering element was in all this EXPL 
155. because it is certainly not obvious from this drawing 
exactly what they are asking us to do INF 
156. Presumably that is new INF 
157. Modifications VIS 
158. Probably it is existing INF 
159. Perhaps this dark lines are showing what the new bits 
and pieces are INF 
160. It is not immediately obvious just from a first glance sum 
161. 1 would spend quite a bit of time on this drawing CONF 
162. Probably 20 to 30 minutes on each drawing colouring 
them up EXPL 
163. and understanding exactly what is involved in this SG 
164 ,, But in order to do what you call it a project study 
RET 
165 * I wouldn't necessarily do that at this stage 
TC 
166 * I mean if we are spending an hour on 
it EXPI, 
167 * I haven't got time to go through all these 
drawings INF 
168. and analysing exactly what has to be built INF 
169. , but I would do that during the tender period 
SF 
170. and I would like to know what exactly is involved 
because it is far from obvious FG 
171. What is this one Q 
172. It is called a sampling chamber Vis 
173. That looks as a new works judging from this INF 
174. but what is all that Q 
175. 1 have no idea sum 
176. That diameter seems about 500mm VIS 
177. So that is probably an existing pipe INF 
178. It begins to identify the diameter pipes EXPL 
179. 1 think before I make any firm assessment to what 
difficulties are involved TC 
180. Certainly there is quite a deep excavation on this humus 
tank RET 
181. 1 think I want to have a look on the ground conditions MC 
182. Although I know the ground conditions is going to be 
pretty awful RET 
183. because they are always in this particular job EXPL 
184. so that does influence the price of the job SF 
185. 1 saw the ground conditions in here didn't I Q 
186. 1 found it CONF 
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187. The borehole logs R 
188. It is only one borehole R 
189. Where is the site layout Q 
190. 1 want to find the location of the borehole on the drawing SG 
191. Come, give us a clue, where is the borehole Q 
192. Borehole No. 1 R 
193. but where is it located on the drawings Q 
194. It should be there SF 
195. 1 can't locate the position of the borehole sum 
196. It is not shown there anyway EXPL 
197. Let us have a look on the borehole log report MC 
198. Here it is CONF 
199. Clay/silt clay R 
200. Depth of water at 4.2m in clay, clay/mudstone R 
201. What is the ground level up here Q 
202. They are not giving us the ground level EXPL 
203. So ground water entry at 5.5m rising to 4.2m in 
20 minutes sum 
204. So it looks to me there is a certain difficulty with water 
in the excavation for the humus tank INF 
205. It looks like the water table will be half way down INF 
206. 1 think most sensible way of dealing with that is to be 
probably put some sheet piles in sum 
207. maybe excavate something like that and drive some 
sheet piles down sum 
208. 1 think that would be the answer that will give us quite 
a big dig INF 
209. Isn't 8 metres wide Q 
210. About a decent size INF 
211. Put a cofferdam. I would think to retain the earth and 
keep the water out sum 
212 Probably not of much water make through the ground INF 
213. It is all clay EXPL 
214. 1 shouldn't expect any problem sum 
215. Maybe a few bits of problems for driving the piles 
through the mudstone INF 
216. 1 think it will be OK sum 
217. 1 think that is a definitive problem but not an outrageous 
problem sum 
218. Just a little bit of problem INF 
219. It will add few money to the bid I would think INF 
220. So I think we also probably get that problem there INF 
221. Where we need to put some trench sheets around the crude 
sewage pumping station EXPL 
222. Let me make notes about that Mc 
223. So I don't forget SG 
224. Problems in construction are (a) possible cofferdam 
around humus tank; sum 
225. (b) trench sheeting for the crude sewage pumping 
station; sum 
226. (c) probable water in excavation for trenches need to 
be checked; sum 
227. (d) phasing in work with existing flows; and sum 
228. (e) working around existing pipes and maintaining works SUM 
229. So the way to deal with this, of course not at this stage MC 
230. Probably I would add another MAO to the bid but it is 
still less than f 100,000 INF 
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231. So I don't think it is particularly attractive to us as a 
company in that location sum 
232. but it could on the other hand reaping because it could 
be an entry into Severn Trent Water if we think we can 
come up with a lot of work INF 
233. In dealing with these problems MC 
234. possible cofferdam RET 
235. What I would do during the time of tender is to schedule 
out what I think is needed FG 
236. As I said to you just open cut deep for a depth of 2.00m sum 
237. then put some sheet piles sum 
238. and I would do a little sketch and gives that to our 
temporary works design department CONF 
239. to firm up on this SG 
240. Similarly I would be asking to look on anything that 
might be needed for the crude sewage TC 
241. When I come to pricing the works GC 
242. 1 would like more on the depth of the pipelines FG 
243. and I would then put my knowledge which I hope 
would firm up a bit MC 
244. because this is a little bit simplistic, isif t it EXIPL 
245. and just one borehole SF 
246. and with some more knowledge of the ground conditions MC 
247. 1 would assess what difficulties were likely to incurr in 
putting this trenches in FG 
248. phasing off the works for the existing RET 
249. we normally have a programmer, a planner GC 
250. and his responsibility is mainly two things in preparing 
a programme for a tender GC 
251. is to check the contract documents SG 
252. to see what the client has set out in terms of restraints 
are concerned SG 
253. and secondly to look at the statutory undertaken plant 
and make sure that any diversion or working that 
necessary is properly addressed SG 
254. He will write to them or phone them and get knowledge 
when they can do it and what notices they require GC 
255. So he got two main jobs sum 
256. So phasing the work will come out of the programme INF 
257. So it doesn't really represent a problem but something 
probably an estimator needs to address sum 
258. Working around the existing pipes RET 
259. This would not necessarily come out from the planner's 
work, although he should have picked up major 
problems with working around existing works SF 
260. but as I go through pricing the things MC 
261. having coloured. up the new work and the existing work RET 
262. 1 should be able to see when I am coming into problems EXPL 
263. So that doesn't really influence any thinking thats gone 
before apart from the fact it does add a bit of money to 
the bid sum 
264. and as I said it might be around; E100,000 I suppose now INF 
265. The main methods of work are fairly straight forward INF 
266. 1 would have thought we will use ordinary backacter 
excavators 
EXPL 
267. and there is nothing particularly difficult, I don't think 
in this thing sum 
268. So I think it would be very conventional sort of work 
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unless I missed something in the bill sum 
269. Resources SF 
270. 1 can't say, probably ordinary pieces of plant and labour sum 271. Nomially there is quite a few bits and pieces in jobs 
that can be sub-contracted INF 
272. This requires what I call take-off by starting from the 
front of the bill and going through the thing EXPL 
273. and just see what there is SG 
274. There is no guidance from this list of principal 
quantities sum 
275. 1 don't think the rocks would require blasting INF 
276. It is only mudstones, claystones and not too much 
quantities of it EXPL 
277. The formwork we could sub-contract although we 
wouldn't bother to fill an enquiry at the time of tender sum 
278. and the concrete we could sub-contract sum 
279. 1 noticed they haven't taken off the reinforcement 
quantities R 
280. It is a bit strange INF 
281. Anyway bid that as it may CONF 
282. Roads and paving if there is any black top we would 
sub-contract that sum 
283. There are quite a lot of bits deep flooring INF 
284. It is not in the main quantities EXPL 
285. 'Me reinforcement quantities are quite low sum 
286. Going again through the bill MC 
287. Just to have a quick flick through SG 
288. but I would think one has to do this in some detail in 
order to choose subcontractors FG 
289. 1 mean subcontractors normally do things like open 
grid floor RET 
290. They could do it CONF 
291. Is that a double chain Q 
292. Presumably that is a fence of some sort of hand rail sum 
293. They could do all that INF 
294. But whether we want to go out for enquiries really does 
depend on the total quantity which will come out of 
the take off SF 
295. 1 don't really see a lot of this here that we would to 
subcontract sum 
296. Quite frankly, for example, handrailings are not really of 
sufficient quantity to go out and worry about a 
subcontractor EXPL 
297. 1 mean only 8 standards are there R 
298. Quite expensive penstoke there INF 
299. Again quick look we would probably want to subcontract 
but there is only small quantities sum 
300. Site works R 
301. We will do the breaking out of concrete ourselves sum 
302. although normally we get demolition, we go out for 
sub-contractor RET 
303. definitely demolition SF 
304. we also often go out for earthworks sub-contractor SF 
305. but in this case quotations is not a lot of good INF 
306. because we haven't done the phasing and the programming 
of the works yet EXPL 
307. Light duty pavements R 
308. There is nothing there sum 
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309. 200 metres of fencing R 
310. If that was anything more than timber and barbed wire 
we might go out to subcontract it sum 
311. So I don't think we would bother with that INF 
312. So all in all the answer to this sub-contract problem at 
the time of tender we wouldn't bother with any 
sub-contractors sum 
313. Dayworks. They got around; E7,000 R 
314. plus a bit of provisionals R 
315. 1 think the answer to that if the quantities were much 
larger we would go out for subcontract quotes sum 
316. possibly for excavation, for formwork, for reinforcement INF 
317. and possibly for installing some of the drainage works INF 
318. and certainly for things like fencing INF 
319. and if it is more extensive we probably go out for the 
mesh flooring and that sort of stuff and handrails INF 
320. But it does seem such small here really sum 
321. that one just go out for material prices and putting the 
price for working it out ourselves EXPL 
322. O. K. what else are we going to do Q 
323. Thats, it really sum 
324. Anything else 
TEME: 35 Minutes 
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&IPIPIENDIX D,, Il 
A COPY OF THE DECISION FACTORS FOR SELECTION OF 
A CONTETENT SUBCONTRACTOR 
379 
DECISION FACTORS FOR SELECTION OF A COMPETENT 
SUBCONTRACTOR 
(A) The following decision factors deal with selecting a subcontractor for inclusion in your 
tender list. What impact does each of the factors have on the successful selection ot'a 
subcontractor? * Please rate them on a scale of 0-5, where 5 is the highest value. 
FACTOR EMPACT 
012345 
None Little Moderate High 
Technical Capability 
Management Capability 
Capacity for New Work 
Performance 
Resources 
Financial Standing 
Industrial Relations 
Contractual Familiarity 
Safety 
Location 
Competitiveness 
Other 
Please ADD any factor(s) which are not mentioned above (In-house Factors). 
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(B) There are several decision subfactors, that are used to determine the condition of the 
major factors. What is the impact of the subfactors listed below and others not listed here on determining the condition of a major factor? 
Technical Capability 
Past contractorisubcontractor 
relationship 01 2 3 4 5 
Work experience 01 2 3 4 5 
Site management experience 01 2 3 4 5 
Technical field experience 01 2 3 4 5 
Management Capability 
Project control 01 2 3 4 5 
Project manager 01 2 3 4 5 
Purchasing 01 2 3 4 5 
Site set-up procedures 01 2 3 4 5 
Claims record 01 2 3 4 5 
Performance 
Third party reference evaluation 01 2 3 4 5 
Past performance 01 2 3 4 5 
Quality performance 01 2 3 4 5 
Resources 
Manpower resources 01 2 3 4 5 
Plant resources 01 2 3 4 5 
Financial Standing 
Credit rating 01 2 3 4 5 
Banking arrangements 01 2 3 4 5 
Financial data 01 2 3 4 5 
Safety 
Safety performance in the past 01 2 3 4 5 
Availability of a safety programme 01 2 3 4 
5 
Location 
Head Office location 01 2 3 4 5 
Experience in the geographical 01 2 3 4 5 area of the project 
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(C) Some of the subfactors mentioned in Step 13 are further classified in to lower level 
factors. What is the impact of such lower-ievel factors listed below and others not listed here on detern3in: ing the condition of a sub-factor'? 
Project Control 
Planning methods 0 12 3 4 5 
Cost control and reporting 
structure 0 12 3 4 5 
Quality control program 0 12 3 4 5 
Material, management 0 12 3 4 5 
Project Manager 
Managerial experience 0 12 3 4 5 
Experience in simil work 0 12 3 4 5 
Qualifications 0 12 3 4 5 
Industrial experience 0 12 3 4 5 
Manpower Resources 
First level supervisors 0 12 3 4 5 
Skilled craftsmen 0 12 3 4 5 
Financial Data 
Current ratio 0 12 3 4 5 
Profitability ratio 0 12 3 4 5 
Efficiency ratio 0 12 3 4 5 
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(D) For each decision factor there exists a desired value which, regardless of the 
subcontractor under consideration, the contractor places on each factor within the 
overall selection process. (This value has been called the Selection Factor Worth). 
Please indicate for each of the factors listed below the desirable value for the Selection 
Factor Worth on- a scale of 0- 100. (100 represents the highest possible value). 
FACrOR SELECTION FAC70R WORTH 
Credit rating 
Banking arrangement 
Current ratio 
Profitability ratio 
Efficiency ratio 
Industrial relations 
Safety performance 
Safety programme 
Contractual familiarity 
Head Office location 
Experience in geographical 
area of project 
First level supervisors 
Skilled craftsmen 
Plant resources 
Competitiveness 
Capacity for new work 
Reference evaluation 
Past performance 
Quality performance 
Past contractor/subcontractor 
relationship 
Work experience 
Site management experience 
Technical field experience 
Planning methods 
Cost control and reporting 
structure 
Quality control program 
Material management 
Managerial experience 
Experience in similar work 
Qualifications 
Industrial experience 
Site procedures 
Purchasing 
Claims record 
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kipiplEmDaz D. 2 
A FULL LIST OF THE OBJECT NAMES, THEIR RELATED TEXT 
QUESTIONS AND POSSIBLE ANSWERS FOR ESVS KNOWLEDGE BASE 
384 
A List of Possible Object Names, their Question Texts and their 
Possible Answers 
D- 
Reference-Evaluation: 
How do the candidate subcontractor's business partners evaluate their recent 
perfonnance and reputation? 
(unsatisfactory, below average, average, above average, outstanding) 
Disqualffication-Record: 
Has the candidate subcontractor ever been disqualified from bidding for work by a 
governmental agency? 
(yes, no) 
Fraud: 
Does the candidate subcontractor have a reputation of engaging in illegal or fraudulent 
activity? 
(yes, no) 
Failed-Contract: 
Has the candidate subcontractor ever failed to complete a contract on time'? 
(yes, no) 
Business-Time: 
Tff - How long has the candidate subcontractor been in business under his present name? 
(less than 2 years, more than 2 years) 
Similar-Work: 
Doe§ the candidate subcontractor have experience in similar work? 
(yes, no) 
Largest-work: 
What was the candidate subcontractor's largest similar work (in pounds) completed 
in 
the last 5 years? 
Current-Status: 
Has any situation or problem causing disqualification corrected? 
(yes, no) 
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Failed-Contract-Time: 
Has the failure to complete a contract happened in the last 2 years? 
(yes, no) 
Failed-Contract-Problem: 
Has the situation or problem causing the failure to complete the contract been corrected? 
(yes, no) 
Owner-Experience: 
What is your assessment of the candidate subcontractor's principal owner's past 
construction experience and management? 
*, ý Industrial-Relation: 
Ly- 
I-low often does the subcontractor's firm encounter any industrial disputes? 
(never, rarely, often, very often) 
Contractual-Fan3iharity: 
How has the candidate subcontractor been involved in legal disputes? 
(never, rarely, often, very often) 
Capacity: 
What is your assessment of the amount of the subcontractor's current uncompleted 
work relative to the subcontractor's workload last year? 
(much less, less, equal, high, much high) 
Safety-Performance: 
How often does the subcontractor firm record safety-related accidents? 
(never, rarely) 
Safety-Program: 
What is your assessment of the subcontractor's firm safety program? 
(unsatisfactory, below average, average, above average, outstanding) 
Credit-Rating: 
What is the candidate subcontractor's credit rating? 
(unsatisfactory, below average, average, above average, outstanding) 
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Banking--. Arrangements: 
What is your assessment of the candidate subcontractor's financial arrangement with 
his bank? 
(unsatisfactory, below average, average, above average, outstanding) 
Head_Office-Location: 
How do you describe the location of the candidate subcontractor's head office with 
respect to project location? 
(exteremly close, close, normal, far, exteremly far) 
Experience-Location: 
Does the candidate subcontractor have experience in the geographical area of the 
project? 
(yes, no) 
Plant-Resources: 
What is your assessment of the candidate subcontractor's construction plant avaliability 
and his maintenance progam? 
(adequate, inadequate) 
Past-Performance: 
How well has the subcontractor performed on past projects of this type (both at the 
project and company levels)? 
(unsatisfactory, below average, average, above average, outstanding) 
Quality3erformance: 
What is your assessment of the quality of work performed? 
(unsatisfactory, below average, average, above average, outstanding) 
Past-Relationship: 
What is your assessment of the candidate subcontractor's past contractor/subcontractor 
relationship? 
(poor, average, good, excellent) 
Work-Experience: 
What is your assessment of the candidate's subcontractor work experience on similar 
projects? 
(unsýtisfactory, below average, average, above average, outstanding) 
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Site-Management-Experience: 
What is your assessment of the candidate's subcontractor site management experience? 
(unsatisfactory, below average, average, above average, outstanding) 
Technical-Field-Experience: 
What is your assessment of the candidate subcontractor's technical field experience? 
(unsatisfactory, below average, average, above average, outstanding) 
Purchasing: 
Please comment on the required purchasing and expediting capabilities of the 
subcon=tor f=? 
(unsatisfactory, below average, average, above average, outstanding) 
Site-Setup-organisation: 
Please comment on the effectiveness of the quality of the site setup procedures followed 
by this subcontractor? 
(unsatisfactory, below average, average, above average, outstanding) 
Claims-record: 
Tff- 
How often does the subcontractor execute the project within the agreed contract sum? 
(never, rarely, often, very often, always) 
First Level-Supervisors: 
What is your assessment of the candidate subcontractor's first level supervisors 
availability and experience? 
(adequate, inadequate) 
Skilled-Craftsmen: 
What is your assessment of the availability of skilled craftsmen within the candidate 
subcontractor's fmn? 
(adequate, inadequate) 
Planning-Methods: 
How do you describe the quality of the candidate subcontractoes planning system? 
(unsatisfactory, below average, average, above average, outstanding) 
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Cost-Structure: 
How do you describe the quality of the candidate subcontractor's cost reporting and 
control system? 
(unsatisfactory, below average, average, above average, outstanding) 
Quality-Control-Progamme: 
Please comment on the effectivenes of the quality control system used by the 
subcontractor (if any)? 
(unsatisfactory, below average, average, above average, outstanding) 
Material-Management: 
Please comment on the effectiveness of the material management system used by the 
subcontractor (if any)? 
(unsatisfactory, below average, average, above average, outstanding) 
ManageriaLExperience: 
Please comment on the managerial experience of the project manager designated for this 
work by the subcontractor firm? 
(unsatisfactory, below average, average, above average, outstanding) 
Experience-Similar-Work: 
Does the project manager has adequate experience in similar type of works? 
(yes, no) 
Qualifications: 
Please comment on the education and general qualifications of the project manager 
I desognated. for this work by the subcontractor firm? 
(unsatisfactory, below average, average, above average, outstanding) 
Industrial-Experience: 
Please comment on the total industrial experience of the project manager designated for 
this work by the subcontractor firm? 
(unsatisfactory, below average, average, above average, outstanding) 
Current-Ratio: 
Please enter a value of current ratio (between 0- 1) 
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Profitability-ýRatio: 
Please enter a value of profitability ratio (between 0- 1) 
I 
Efficiency_ýRatio: 
Please enter a value of efficiency ratio (between 0- 1) 
Competitiveness: 
What is your assessment of the candidate subcontractor performance over previous 
invitations to tender? 
(unsatisfactory, below average, average, above average, outstanding) 
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AIPIPIENDUZ D, 3 
A FULL DEMONSTRATION SESSION WITH ESVS * 
* The questions and recommendations are the same as those appearing on the monitor 
during a session. 
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LEONAROO (c )1986.87,88 CreatiV8 LO! 9ic Ltd. Knowiedge Base: SvS 
EXPERT SYSTEM FOR VETTING SUBCONTRACTORS 
This expert decision support system is designed to help the user 
in vatting subcontractors, before adding them to their tender lists. 
The system could be used to vet a newely subcontractor or revet 
an existing subcontractor after the subcontractor's data has Dean 
modified. 
A user who consults ESVS is asked a series of questions which are 
groupea under the main headings 'preliminary factors, and 'detailed 
factors'. In the preliminary section the system investigates seven 
goals which can lead to a recommendation that the user should either 
definteiy continue vetting or definteiy cease vetting or the data 
provided is not complete and the system's need user's subjective 
opinion. 
If continue vetting is appiicabe then the system enters a scoring 
phase which build up an overail score for consuitation on the basis 
Type any key to see the next screen 
of a weighted mean score from eleven groups of questions. The eleven 
groups are as follows; 
1. Financial standing characterstics. 
2. Technical capability. 
3. Performance. 
4. Management capability. 
5. Capacity for new work. 
6. Avaliability of resources. 
7. Location. 
a. HeaLth & Safety. 
9. Contractual familiarity. 
10. Industrial relations. 
11. Competitiveness. 
Within the system each factor is allocated a desired value between 
0 and 100 determined from discussion with the human experts. This 
values are then compared with another set of values. called worth 
values derived from the characterstics of the candidate subcontractor 
under consideration. At the end of a consultation ESVS calculates an 
overall consultation score between 0 and 10 and displays an advice 
based on that score. 
Type any. key. to see the next screen 
LEONARDO (c)1986.87,88 Creative L09iC Ltd. Knowiedoe Base: ESVS 
Deveioped by Sherif Oteifa - Summer 1991- 
Hit any key to continue 
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LEONARDO (c)1986.87,88 CreatiVe Logic Ltd. Knowledge Ease: ESVS 
00 You want to continue with the system*? 
Please seiect one answer and press RETURN. 
rmmm. * I- --ON IV fpfffpwffl *Yes Start vettino process. 
: No 
Hmmmf 
FKeys: 
F I, P99 ff ff 10 1 Art ff flit !p.. .. 
0ýfý ?p pt rl "00 UFO pp fp It fly fl 11 F. OF fpfP If ff ft 
I HeLP 20 it 3 Why? S Volunteer 6 BackuP 7 Expanc Rev - iew 
ProJect/Subcontractor-Basic Data 
Please enter the following information and press RETURN. 
Project Name: 'Corai Beach Tourist Village 
Project Code: 00S 
Type of Subcontracted Work: Roofing 
Name of Candidate Subcontracter: ABC 
Estimated Value of work (in Pounds): 1000000 
MMMMMMMMPW-- 
The system now will start to ask you a set of 
preliminary questions with respect to the candidate 
subcontractor: 
1. ThLrd Party Reference Evaluation. 
2. Diswalification, Record. 
3. Fraud Activities. 
4. Failed Contract. 
S. Length of Time in Business. 
6. Experience in Similar work. 
7. Largest Value of Work Past Executed. 
Please answer these questions as well as you can. 
WIPFINY It Ft Y.. ,, -- 
Hit any key to continue 
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How oo the cancidate suocontractor's ousiness Partners evaiuate their recent Pertarmance ana reputation? 
II 
SeLect one answer and Press RETURN. 
. rmmmmmmmmmmmmm. - : unsatisfactory: 
: below average 
: average 
o-above average 
: outstanding 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expanc 8 Review 
Has the candidate subcontractor ever been disQuaiified from bidding for work by a governmental agency? 
If unknown, seiect "No'. 
I 
I 
t 
Select one answer and press RETURN. 
No 
HMMM( 
FKeYs: 1 Help 2 Quit 3 WhY? S Volunteer 6 Backup 7 Expand 8 Review 
0008 the candidate succontractor have a reputation 
of engaging in illegai or fraudulent activity? 
If unknown, select 'No'. 
Select one answer and press RETURN. 
M 10 11 .- 
IMM .01- M11100 10 IP V-------------------- -0 It FP"PP 
ff PI Ff "MhH% 
: Yes., : i. e. has been or is currently involved in leoai 
: No :: prosecution due to illegal activities such as 
HPIk"f : false representation of financial data. willfully 
: performing work of substandard quality, etc. 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expanc 8 Review 
394 
Has the candidate subcontractor ever failed to complete 
a contract on time? 
I Select one answer and press RETURN. 
: Yes. * 
: No : 
HMMMf 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expano 8 Review 
How long has the candidate subcontractor been in business 
under his present name? 
Select one answer and press RETURN. 
IMMMMMMMMMMMMMMMMM, * 
: less than 2 years: 
Ipp more than 2 years: 
FKeys*. 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
Does the candidate subcontractor have experience in 
similar work? 
Select one answer and press RETURN. 
imm" 
P,: Yes 
: No 
H14M 
FKeYs: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana 8 Review 
395 
what was the cancidate suocontractor's largest similar 
worx ( in Pouncs ) compietea in the iast 5 Years? 
Please enter a value for largest-work 
IMMMMMMMMM. - 
: 700000 
, FKeyu*. I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
In the answers you have given there appears to be an inconsistency: 
When the disqualification record is 'NO$ we would expect the 
subcontrnator not to be involved in any fraud activities. As both 
attributes are related to each other. 
Both questions will be asked again (once cniY) for You to re-vonsidar 
your answer. 
Hit any key to continue 
Has the candidate succontractor ever been disQuaiified 
from bidding for work by a governmentai agency? 
I If unknown, select 'No'. 
Select one answer and press RETURN. 
: Yes 2 
-*NO : 
HMMMf 
Vftfffpv.. 
FKOYS: 1 Help 2 Quit 3 Why? S Volunteer 6 Backup 7 ExPa nc 
ReViOw 
396 
Does the candidate subcontractor have a reputation of engaging in illegai or fraucuient activity? 
If unknown, seject 'No'. 
Select one answer and Press RETURN. 
rmm. * I 
: Yen. * 
zNo : 
HMMMf 
off ýI form PP ff FP FP Y 11 IMPff PP fill FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Fxpana Review 
Based on your answers till now, a preliminary assessment of this 
subcontractor is in favour of continuation of the vetting process 
Hit any key to continue 
The system now will start to ask you detailed questions 
with respect to the following factors: 
1. FLnancial Standing. 
2. Technical Capability. 
3. Performance., 
4. Management Capability. 
S. Capacity for New Work. 
6. Resources. 
7. Location. 
a. Safety. 
9. Contractual Familiarity. 
1O. Industrial Relation. 
II. Competitiveness. 
Hit any key to continue 
397 
Credit ratings aetermine how weil the candidate contractor meets 
externai financial obligations, wnich in turn gives an indication of 
whether the contractor is experiencing casn-flow cifficulties or has 
assumea excessive debt. 
For more information on sources for crecit evaluation please oreSs 
function key (F7). 
What is the candidate subcontractor's credit rating? 
Select one answer and press RETURN. 
rmhmplmplmmmmmmm. - 
: Unsatisfactory: 
: beiow average 
: average 
-above average 
: outstanding 
MMMMMM( 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana 8 Review 
The banking arrangements of candidate subcontractors are extremeiy 
important in providing financial resources in instances when the 
subcontractor does not have adequate working capital to meet the needs 
of a Project. This typically occurs at the begining of construction 
projects when a subcontractor must finance the operations from his 
own resources. This is due to the lag between expenditures made by a 
subcontractor and receipt of payment from the contractor for work 
performed. 
Type any key to see the next screen 
0 
398 
what is your assessment of the cancidate suocantractor's financial 
arrangement with his bank? 
Select one answer and press RETURN. 
IMMMMMMMmmtlmmmm; 
: Unsatisfactory: 
: beiow average 
: average 
im-, : above average 
: outstanding 
MMMMMMMMMMM( 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
Financial data contained within a statement should be evaluated by 
ratio analysis. Ratio analysis includes evaluating three critical 
areas of business performance. This is the first: 
Solvency: This measurement is significant in evaluating the 
subcontracor's ability to meet short- and long term obigations. 
The main ratio which is used to originate comment on this important 
aspect of business affairs is the working capital ratio, or current 
ratio. which sets current assets over current liabilities. 
Type any key to see the next screen 
Please enter a value of current ratio (between 
ilimmmmmmmm; 
--. b- :0.7 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 
Backup 7 Expana 8 Review 
399 
The second critical ratio measure used is profitabiii. ly, a. now successfully a business is earning a return for 1--s owners. 
Profitability ratio is calculated as net profits after taxes to net sales. 
Please enter a value of profitability ratio. 
IMIlfflmmmmt4M. - 
MM( 
FKeys; I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expano 8 Review 
The third critical 'measure is efficiency, it indicates how effectively 
a company uses and controls its assets. This can be measured by the 
amount of uncompleted work-on-hand to working capital ratio. 
Please enter a value of efficiency ratio. 
INMMMMMMMPI. * 
-0 .6 
- 
mmmmm ( 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expanc 8 Review 
What is your assessment of the candidate subcontractor's 
past contractor/subcontractor reiationshiP? 
Select one answer and press RETURN 
IMMMMMMMMM., 
: poor 
: average 
good 
: exceilent: 
HMMMMMMMMM( 
FKeYs: I HeiP 2 Quit 3 Why? 5 Volunteer 6 Backup 
7 Expana 8 Review 
400 
What is Your assessment of the candidate's subcontractor 
worK experience on similar projects? 
SeLect one answer and press RETURN. 
IMMMMMMMMMMMMMM., 
: Urmatisfactory: 
: below average 
: average 
-above average 
: outstanding 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expano 8 Review 
What is your assessment of the candidate's subcontractor 
site management experience? 
Select one answer and press RETURN. 
Immmmmmmmmmmmm: 
: Unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
I FAFIPVII 
FKeys: 1 HOIP 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana 
8 Review 
401 
What is your assessment of the candidate subcontractor's 
technicai f ield experience? 
Select one answer and press RETURN. 
IMMMMMMMMMMMMmm: 
: Unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana 8 Review 
How well has the subcontractor performed on past 
projects of this type (both at the project and company levels)? 
Select one answer and press RETURN. 
: unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
FKOYS: 1 Help 2 Quit 3 Why? S Volunteer 6 Backup 7 Expand 8 Review 
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What is Your assessment of the quaiity of worK performea? 
Select one answer and press RETURN. 
. rmmmmmmmmmmmmm.. : Unsatisfactory: 
: below average 
: average 
-above average 
: Outstanding 
Foggy 
FKOYS- ', Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 ExPana 8 Review 
How do you describe the quality of the candidate 
subcontractor's planning system? 
To answer this question you may need to consider: 
- What Planning techniques does the subcontractor use( i. e. manual, 
computerised, bar chart, critical path method). 
- Who prepares the original plan? 
- How frequently is the plan updated? 
Type any key to see the next screen 
- 00 the Project field staff reaily use the pian as a tool to monitor 
and control the progress of work? 
Select one answer and press RETURN. 
immmmmmmmmmmmm; 
: unsatisfactory: 
: below average 
: average 
jabove average 
: outstanding 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana 8 Review 
403 
How do You describe the quaiity of the candidate 
subcontractor's cost reporting ana controi system? 
To help You in answering this Question please use function key <F7) . 
Select one answer and press RETURN. 
: unsatisfactory: 
-beiow average 
0 : average 
: above average 
: outstanding 
MMMMPfmmplm ( 
FKeys: A. Help 2 Quit 3 Why? 
MMM! PQ1MMMfr! MMMMM'Q1fr 
$ POPI It 
ff fP F? fP 
I 
A066- 
5 Volunteer 6 Backup 7 Expano 8 Review 
Please comment on the effectiveness of the quaiitY 
controi system usea by the suocontractor(if any)? 
You may need to consider the following: 
- Does the company have formal written quidlines cescribing its qualit 
control Procedures? 
- Who on the Project field staff is responsible for impiementing 
the quality control program. 
- How is the quality of work monitored? 
Type any key to see the next screen 
How is the quality of work monitored? 
Is the quality of control system used ef f ectiveiy measured by 
the amount of rework due to insufficient quality)? 
Select one answer and Press RETURN. 
IM/OWmPfmmmmmmmm. ' 
: unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
Omp FJPFP ft ff 0 Immmmmm 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 E-ExPana 8 Review 
404 
Please comment on the effectiveness of the materiai 
management system usea by the suocontractor( if any)? 
To helo you in answering this question please use function Key (F7) . 
Select one answer and press RETURN. 
rmmmmmmmmmmmmmm. * 
: unnatisf actory: 
: below average 
Pl- -average 
: above average 
: Outstanding 
I FP it ff 
FKeys: I HeIP 2 Quit 3 Why? 5 Volunteer 6 Backup 7 -Expand 8 Review 
Please comment on the managerial experience of the 
project manager designated for this work by the subcontractor firm? 
SeLoct one answer and press RETURN. 
rmmmmmplmjlfmpfmmmpf. * 
: unsatisf actory: 
: below average 
: average 
..,; above average : outstanding 
FKays: I Help 2 Quit 3 WhY? S Volunteer 6 Backup 7 Expana 8 Review 
Does the Project manager has aaequate experience in 
similar type of worxz? 
Select one answer and press RETURN. 
immo* 
--sw -Yes: 
: No 
HMM 
FKays, I Help 2 Quit 3 Why? 5 voiunteer 6 Backup 7 '-: 'xpanc 8 Review 
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Please comment on the eaucation & generai qualifications of project manager cesignatea for this worK by the suocontractor f;. rm? 
Select one answer and press RETURN. 
IMMMMMMMMMMMMM. - 
: unsatisfactory. - 
: below average 
; average 
: above average 
: Outstanding 
iffoppy"'04"MmmmW 
FKeys: I Heio 2 Quit 3 WhY? 5 Volunteer 6 Backup 7 Expanc 8 Review 
Please comment on the total industrial experience of the 
project manager cesignatecl for this wor K by the suocontractor f irm? 
SeLect one answer and press RETURN. 
--fkjjhflýý - 
*unsatisfactory: 
: below average 
: average 
; above average 
: outstanding 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana a Review 
Purchasing is an important job - and can make or break the profit 
situation on a specific contract and/ or for the company as a wnole. 
The best purchasing agent is a competent businessman who recognises 
that there are many facets to his responsibilities than the basic 
establishment of purchase Price. issues invoived inciude: 
- The Purchase order. 
- SuppLiers. 
- Purchasing document. 
- ScheduLing of items. 
Type any key to see the next screen 
406 
- Expediting and receiving. 
- stock control . 
- shipping. 
Please comment on the required purchasing and expediting capaoilities of the suocantractor firm? 
Select one answer and press RETURN. 
IMMMMmmmp1mmmmm; 
: unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
"-NMMMMMMMMMMM( 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
The period normally allowed a subcontractor to set up a construction 
site is very brief and the number of activities to be done very great. 
The subcontractor site setup procedures is critical at this stage. 
For more information on site setup procedures. Please press (F7). 
Please comment on the effectiveness of the quality 
of the site setup procedures followed by this subcontractor? 
Type any key to see the next screen 
10 
Select one answer and press RETURN. 
IMMMMMMMMMPImMpf. * 
: unsatisfactory: 
: below average 
: average 
jabove average 
: outstanding 
FKeys: 1 Help 2 Quit 3 WhY? 5 Volunteer 6 Backup 7 Expand 8 Review 
407 
A claim can be defined as a situation where the subcontractor gives written notice that a condition exists which reQuires an adjustment in the contract time and/or cost. 
There are numerous conditions which cause a subcontractor to exercise his contractual rights due to disputes or claims for extra cost and additional time. The most common claims result from changes in scope, 
construction details. and field conditions. or errors ana omissions in design, suspension of work or work stoppage. time extensions. ana 
Type any key to see the next screen 
variations in unit quantities. 
The ciient/main contractor may also place a claim against the 
subcontractor based on lack of performance. poor quality of worK, 
and shortages in quantities of material. 
How often does the subcontractor execute the project within the 
aareeo contract sum? 
Select one anser and prega RETURN. 
Mever 
marely 
-oftion 
Op : very of ton 
: always 
FKeys: 1 Help 2 Quit 3 WhY? S Volunteer 6 Backup 7 =xpand 8 Review 
Adequate capacity to add this project to the subcontractor's current 
work portfolio is of paramount importance. A relationship between 
current obligations (i. e. amount of uncompieted work under contract) 
and the resource base of a candidate subcontractor determines 
his 
available capacity. 
What is your assessment of the amount of the 
subcontractor's cuurent uncompieted work reiative to the 
subcontractor's workload last year? 
Select one answer and press RETURN. 
IMMMMMMM"'I 
: much less: 
: 1088 
: equal 
: high 
: much high: 
PV"MMMMM( 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 ý--xpanO 
8 Review 
408 
What is your assessment of the candidate subcontractor's 
first level supervisors ( engineering and supervisory staff) 
availability ana experience? 
Select one answer and press RETURN. 
lmmmmMmmmmm. * 
: adequate 
: inadequate: 
g loop 10 fF it ft YMMM f 
FKeys: I Help 2 Quit 3 Why? S Volunteer 6 Backup 7 Expand 8 Review 
what is your assessment of the avaiiability of skilled 
craftsmen within the candidate subcontractor's firm? 
Select one answer and press RETURN. 
Immmmmmpfmmm; 
lo- : adequate 
-inadeQuate: 
4P%FFMMMMMMMM( 
FKeys: I Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
What is your assessment of the candidate subcontractor's 
construction plant avaliabilitY & his maintenance program? 
Select one answer and press RETURN. 
immmpfmmmmmm. * 
fop : adequate 
i nadequate 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expana 8 
Review 
409 
How do you describe the location of the candidate 
sut)contr actor's heao office with respect to Project location? 
Select one answer and press RETURN. 
IMMMMMMMMMMMMMMM: 
: axteremiy close: 
: normal 
6 zfar 
: exteremiy far 
FKeys: 'A. Helo 2 Quit 3 Why? 5 Volunteer 6 Backup 7 ý--xpana 8 Review 
0048 the candidate subcontractor have experience in 
the geographical area of the project? 
Select one answer and press RETURN. 
rmw. * 
: Yen., 
: No 
HMM 
ýKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expano a Review 
Every contractor must appreciate that safety_accidents are directiy 
related to: 
- OLsappearing skills. 
- Increased costs. 
- OLminishing profits. 
- Unsuccessful bids. 
- Lawsuits. 
- Ruined reputation. 
- Restrictive legislation. 
Type any key to see the next screen 
410 
Penaities. 
Business failure. 
So it is important to assess the safety-record of the Prospective 
subcontractor firm. 
How often coes the subcontractor firm record safety-reiated accidents? 
Please enter a value for safety_performance 
rmmmmmmmmmm; 
never 
: of ton 
: very often: 
rwmmmmmmf 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
The safety-program considered here is the related family of actions 
to which management has committed resources for preventing accidents. 
A management policy should state: 
- Company objectives for accident prevention and loss control. 
Authorisation for the safety program. 
- A"igned resoonsibilities. 
Oesignated functions. 
The supporting role of comany resources. 
Type any key to see the next 
screen 
What is your assessment of the suocontractor's firm safety program? 
Select one answer and press return. 
rmmmmmmmmmmmmmm. - 
: Unsatisfactory: 
: below average 
: average 
: above average 
: outstanding 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expand 8 Review 
411 
How has the candidate subcontractor been involved 
in legal disputes? 
Select one answer and press RETURN. 
rmmmmmmmplmm, * 
: never 
: rarely 
: of ton 
: very often: 
IN99 IMPIMMMMM f 
FKeYs: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expanc 8 Review 
The value of qualified workman is understood by all subcontractors. 
but they often pay little attention to relations with their employees. 
Unanticipated labour problems that often arise on a job can easily 
cut down the profit on a project if poorly handled. Both legal 
requirements and collective-bargaining agreements have become 
increasingly complex in recent years. 
In such an environment, the contractor is well adviced to take into 
consideration such important aspect. 
Type any key to see the next screen 
How often does the candidate subcontractor's firm encounter any 
industrial disputes? 
Select one answer and press RETURN. 
r1o"Mmm"Mmm: 
never 
: rareiy 
: often 
: very often. 
'MFOqmmmmmmm( 
FKeys*. 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 
Expano 8 ReviOw 
412 
Competitiveness is a Parameter often considered and one 
of the most effective ways of measuring this Parameter is to consider 
the Performance of the succontractor over a number of previous invitations to tencer . 
What is Your assessment of the candidate subcontractor Performance 
over Previous invitations to tender? 
Select one answer and press RETURN. 
lp9q4mmmmmpfmmpfmm; 
: unsatisfactory: 
: bsiow average 
: average 
zabove average 
: outstanding 
FKeys: 1 Help 2 Quit 3 Why? 5 Volunteer 6 Backup 7 Expanc 8 Review 
J. J. A. 
V fort fp V MrHM-18-11-1 It ff V flo II pFp Iff fjp 
Please wait. as the system searches through its knowledge 
base for a final decision. 
Hit any key to continue 
From the information that has been provided the system can recommend 
for you the following decision: 
It is Possible to select this subcontractor. As a measure of the 
strength of this decision, a desirabilitY score has been calculated. 
In this case, the score jr. 5 out of a maximum possible value of 
10. 
An you can see this is an average score. 
Hit any key to continue 
413 
Finaily. it is recommenced that the user examine the consistency between the given cecision to seiect (with its reievent desiraoility 
score) and the input data. You can use the function Key (F9) 
to log your answers and get a Print copy from it. 
Please use function key (F2) to return to Leonardo menu. 
FKeys: I Help 2 Quit 4 How? 6 Backup 8 Review 9 Lac 
To find if task was completed I used MainRuleSet, rule: 
if Preiim_task is 'completed' 
and detailed_questions are 'done' 
and finai_vetting_decision is 'done' 
then task is 'completed' 
IYIN 
go, -prolim_task completed 
: detailed-questions done 
: fLnal-. Yetting_decision: done 
FKeys: 1 Heip 2 QUit PgUp - return to provious scree" 
To find if prelim_task was completed I used preiim_task, rule. 
If prelim_questions are 'done' 
and preiim_yetti ng_decis ion is 'done' 
and message -I 
then run det_pcreen(4.4. 'print detailed messaoe' 
prelim-task is 'completed' 
MONOf I pi-I Ip 
: prelim_questions done 
: preljm_yettjng_decjsion: done 
Message 1.00 
FKeys: I Helo 2 Quit PgUp - return to previous screen 
414 
To find if preiim_questions was cone I used praiim_questions. ruie: 
If reference-evaiuation is not 'blank' 
and disQuaiification - recorci 
is not 'blank' 
and fraud is not 'blank' 
and failed_.. qontract is not 'blank' 
and business_ýtime is not 'blank' 
and similar_work is not 'blank' 
and largest-work )= 0 
and consistency is 'checked' 
then Prelim_questions are 'done, 
. rMMMMMMP, MMMMMMMPfPfMMMMMMM; : reference. _pvaluation above average : disqualification record: No 
: fraud No 
*faLled-contract No 
: business-. ýtime more than 2 years 
: similar work Yen 
: Iaraest-. ý4ork 699999-98 
: consistency chocked 
P FPFF IPF? 111 Y fflv"MMMM( 
FKeys: I Help 2 Quit PgUp return to previous screen 
To find if Prelim_task was completed I used prelim_. ýask. rule: 
If preiim_questions are 'done' 
and prolim_vetting_decision is 'done' 
and message -I 
then run det_Acreen(4,4,1print detailed message'); 
preiim-task is 'compieted' 
Mvil "If F)"t) 1* 
mrolim_quentions done 
---po : Preiim_yetting_decision: done 
message 1.00 
10990fififif 
: FKeys: I Help 2 Quit PgUp - return to previous screen 
rui 
To find if praiim_yetting_.. Oecision was done I used preiim__yetting_Aeci 
If reference-pvaluation is not unsatisfactory' 
and referenca_. pvaluation is not 'below average' 
and disQualification-ýrecord is 'No' 
and fraud is 'No' 
and failed_. pontract is 'No' 
and business__: time is 'more than 2 years' 
and similar work is 'Yea, 
and amount 15 'acceptable, 
then message = 1; say prelim_Teport; 
preiim_yetting_. Oecision is 'done' 
IMM"MMMIkfMMMMMPfMMMMMMMMMM; 
: reference_. pvaluation above average 
: disquaiification_. record: No 
: fraud No 
: failed_. pontract No 
: business_time more than 2 years 
:. similar -. ýjork 
yes 
: amount acceptable 
IP IP FF 
FKeys: I Heip 2 Quit PgUp return to previous screen 
415 
To find if preiim_ýtask was completed I used preiim_task. rule; 
If praiim_questions are 'done' 
and Preiim_yettino_decision is 'done' 
and messaoe zI 
then run det__pcreen(4,4, 'print detailed message' 
preLim-task is 'compieted' 
. rmmmmmmmmmmmmmmmpfmmmmmm. - : preiim-questions done 
: projim-yetting_decision: done 
message 1.00 
MMMMMMPI MMMMMMPIMMM( 
FKays: I Help 2 Quit PgUp - return to previous screen 
To find if message was 1.00 1 usec preiim_yetting_decision, rule: 
If reference evaluation is not 'unsatisfactory, 
and reforence_. pvaiuation is not 'below average' 
and disquaiificaticn-. Xecord is 'No$ 
and fraud is 'No' 
and failed_contract is 'No$ 
and business_ýtime is 'more than 2 years' 
and similar-.! Aork is 'Yes' 
and amount is 'acceptable' 
then message = 1: say preiim. _Xeport; Prelim_yetting_decision is 'done' 
eference T evaluation above average : diSquaiif3. cation_record: No 
: fraud No 
: faLled-pontract No 
: buninezz__ýtime more than 2 years 
: similar_pork yen 
: amount acceptable 
FKeys; 1 Help 2 Quit PqUp - return to previous screen 
F To find if task was completed I used MainRuieSet, rule: 
If preiim_task is 'completed' 
and detailod_questions are done' 
and f inai. _yetting_decision 
is 'done' 
then task is 'completed' 
I" 
: prelim_. ýtaak 
"fMMMM 
: completed 
-detailed_questions 
done 
: final_yetting. _Oecision: 
done 
FKays: I Help 2 Quit PqUp - return to previous screen 
416 
To find if detailed 
-questions was done I used detailed-questions. rule: 
If financial-. ptanding is 'known' 
and technicai_. papac)ility is 'known' 
a nd performance is 'known' 
and management--papability is 'known' 
and capacity is not 'blank' 
and resources are 'known' 
and location is 'known, 
and safety is 'known, 
and contractual 
_f ami 
liar ity is not 'blank' 
and industrial_relation is not 'blank' 
and competitiveness is not 'blank' 
and threshold_values are 'known' 
and kill_value is not 'applicable' 
then detailed_questions are 'done' 
NMMHMMM; 
: fLnancial_standing known 
. tachnicai_capability known 
merformance known 
: manaoement-capability known 
FKeys: 1 He: capacity PgUp - raturn: to priessus screen 
To find if task was completed I used MainRuleSet - ruls: 
If preiim-task is 'ComPleted' 
and detailed_quentions are 'done' 
and f inai.. yettinG; _decision 
is 'done' 
then task is 'compieted' 
pip fF ff It ff ff ff f, 
: prelim_. task completed 
: detailed_questions done 
-final-yetting-docision: done 
i ff ff 111 fj ff ff fMMMMMM ( 
FKays: I Help 2 Quit PqUp - return to previous screen 
417 
ule. 
To find if final_vetting_aecision was done I usea final_yetting_ýdecisicn 
if detailed_questions are not 'interrupted' 
and waiting_jnessage is 'done' 
and algorthim is 'done, 
and strength _ýdecis 
ion =5 
then final_jnessage = 6; say final__Teport; 
finai-yetting-decision is 'done' 
Imm4mmmmmmmmmmmmmm., 
: detailed_quentions. - done 
b : waiting_message done 
: alaorthim done 
: stranoth-jdacision 5.00 
FKeys*. 1 Help 2 Quit PqUp - return to previous screen 
To find if waiting__message was done I used waiting_jnessage. rule: 
If detailed-questions are 'done' 
then run wait-screen( 7.10 
waiting_jnessage is 'done' 
11090"Mmmmmmmmmmmmm; 
: dstailed_questions: done 
fifffffiff"ffff f 
FKOYS- 1 Help 2 Quit pgUp - return to previous screen 
0 
418 
To find if finai_yetting_pecision was done I usea final-. yetting_. qecisi 
ule - 
If detailed_questions are not 'interrupted' 
and waiLing_jnessage is 'done' 
and algorthim is 'done' 
and strength-.. Oecision =5 
then finai_lnessage = 6; say final_report; 
final_yetting_decision is 'done' 
IMMMMMMMMMMMMMMMMM. - 
: detailed_quentions: done 
: waiting-messace done 
0. -alaorthim done 
: strenoth-. ýdecision 5.00 
r I- --- 
FKeys: 1 Help 2 Quit PgUp - return to previous screen 
To find if alsorthim was done I used aloorthim, ruie: 
If attributes-. ýv are 'assigned' 
and attributes-.! 4v are 'calculated' 
and attributes_ýthrv are 'calculated' 
and tot_wv )- 0 
and tot_thrv )- 0 
and difference >= 0 
or difference <0 
then algorthim is *done' 
zmmmmmmmmmmmmmmmol 
: attributes-.. Ov : assigned 
: attributes wv : calculated 
: attributes_thrv: calculated 
: tot-wv 69.61 
: tot_thrv 24.95 
: difference 44.67 
PIMMMM, I( 
FKeya: 1 Help 2 Quit PqUp - return to previous screen 
This value was set in procedure `total__ýjv" 
FKeys: I Help 2 Quit PqUp - return to previous screen 
419 
ule - 
To find if final_yetting_decision was done I useo finai-_yetting_. qecisior% 
If detailed_questions are not 'interruptOd' 
and waiting_Message is 'done' 
and algorthim is 'done' 
and strangth__Oecision =5 
then finai_lnesuage = 6; say final. _ýreport; final-. yetting_clecision is 'done' 
: detailed-questions: done 
: waiting_message done 
: aloorthim done 
Jp : strength decision 5.00 
FKays: 1 Heip 2 Quit PgUp - return to previous screen 
To find if strongth_jdacision was 
If difference ) 40 
and difference <= 50 
then strangth_. Oecision m5 
rmmmmmmmmmm; 
: dLfference. 44.67 
5.00 1 used strength _jdecision. 
rul 
FKeys'. 1 Help 2 Quit PgUp - return to previous screen 
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EXAMPLES OF ESVS USER EVALUATION QUESTIONNAIRE 
421 
EXPERT SYSTEM FOR VETTING SUBCONTRACTORS 
USER EVALUATION QUESTIONNAIRE 
Please tick the appropriate box where appucable. 
Name 
-- 
:L 
ý- t-ý (- 
Constmction Experience (years) :.. %: -, z-: ý- 
2. Have you had experience of subcontractor seiection? 
Yes 1Z No 
If you answer'Yes', please go to 4. 
3. Do you consider that the system shown to you wouid assist you to confidendy 
selection of competent subcontractor to your project without assistance from a 
supervisor? 
Yes No 
If 'No', please give a brief explanation why? 
Please go to 5. 
4. Do you consider that the system shown to you would assist you with 
subcontractor selection and make your task easier? 
Yes No 
If 'No, please grive a bnef explanation why? 
5. Please indicate the extent to which you are content with the 'user friendiy' 
as; =t of the system (e. g. ability to understand the text of questions. messages 
and the results displayed). 
Very Satisfied Dissatisfied Very No View 
Satisfied Dissatisfied 
6. Would you like to suggest any additionai system's features or selection criteria? 
TIj 
422 
7. Any other conunents? 
Thank you for compieting this questionnaire. 
5_____ 
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EXPERT SYSTEM FOR VETTING SUBCONTRACTORS 
USER EVALUATION QUESTIONNAIRE 
Please tick the appropriate box where appficable. 
I. Name 
4 F--I 
- 
ýtr 
Construction Experience (years) 
2. Have you had experience of subcontractor seiection? 
Yes No 
If you answer'Yes, please go to 4. 
Do you consider that the system shown to you wouid assist you to confidendy 
sekcdon of competent subcontractor to your project Without assistance from a 
supervisor? 
Yes No Fýj 
If 'No', please give a brief explanation why? 
Please go to 5. 
4. Do you consider that the system shown to you would assist you with 
subcontmctor selection and make your task easier? 
Yes E. No 
If 'No', piease give a brief expianation why? 
5. Please indicate the extent to which you are content with the'user friendly' 
aspect of the system (e. g. ability to understand the text of questions, messages 
and the results displayed). 
Very Satisfied Dissatisfied Very No View 
Satisfied Dissatisfied 
6. Would you like to suggest any additional system's features or selection criteria? 
OWN- 
6-y%, -! S : 9; iaý 5 z4ý6ý 
Ic A 
c-; k S'-f- 
7. Any other comments? 
Tbank you for completing this questionnaire. 
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